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fOlkS ffOR REG ULATING HEMATOPOIESIS USING CpG^ 


The present mveaoliQn tdates to 
contanung oligonucleotides. In pa]1icular»tte invention relates to medio^ 
thrombopoiesisandatteiniiaby i^gulatinghemato The invention also relates to 

methods of regulating immune system remodeling by administering CpG oligonucleotides to 
manipulate hematopoie^ 

Pa<»grp^nd Of The favegtion 
Radiation or chcmo&erapeutic treatment produces severe reversible 
thiombocytbpma, anemia and neutropenia. The depletion of hematopoietic precursors in the 
bone marrow (BM) a^dated with dbemothei^y and irradiation result in hemoirfaagic and 
infectious complications. Severe sq)pression of the hematopoietic system is a major &ctor in 
limiting ch^otherapy use and dose escalation. A number of hmatppoietic cytokines are 
cunently in clinical trials as treatmrats to prevent or reduce such complications. 

Hematopoietic development is considered to be regulated by two categories of factors. 
One category includes colony-stimulating &ctors (CSFs), which promote colony formation 
and proliferation of cells of various lineages. Another is potentiators, which potentiate 
maturation or differentiatioiL For exanq>le, Megakaiyocyte-CSFs (Meg-CSFs) reportedly 
include ILr3, granulocyte-niamphage colony-stimulating &ctor (GM-CSF) and stem cell 
factor (SCF)» and Megakaryocyte potentiators (Meg-Pot) reportedly inchide ILr6, II^7» IL-1 1 , 
eiytfaropotetin (EPO) and leukemia inhibitory &ctor (UP). Platelet pscoduction is ateoninal 
phenomenOTi in the development of megakaryocytes in vho. TbrombopQietin (IPO) was 
rqxnted to posses toth Meg-CSF and Meg»Pot 

In eariy days of inteafoon (IFN) research Isaacs et al. postul^^ 
induces IFN. Rortem, Z et aL (1963) Nature 197:564-566; Joisen, KE et al. (1963) Nature 
200:433-434. Later it was discovered diat synthetic double-stranded RNA was able to induce 
IFN and to activate bofli natural killer C^) cdls and niao^ 

Proc Nad Acad Sd USA 58:1004-1010, Subseque&fly» Yamamoto, Tokunaga and colleagues 
discovered immunosttnnilatoiy DNA a senes of studies on 
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bacille Calinette-Gtierin (BCG) mediated tumor resistance in mice. A firacdon extracted fiom 
BCG (designated MY-1) was shown to exhibit anti-tumor activity in vivo, augment NK cell 
activity and trigger type I and type n IFN release from murine spleen cells or human 
peripheral blood lymphocytes (PBL) in vitro. Tokunaga, T et al. (1984) J Natl Cancer Inst 
72:955-962; Yamamoto. S et al. (1988) Jpn J Cancer Res 79:866-873; Mashiba, H et al. 
(1988) Jpn J Med Sci Biol 41 :197-2Q2. These activities could be destroyed by DNase pre- 
treatment of MY-U but not by RNase treatment Pisetsky and co-workers indq[>endcntly 
observed that normal mice, as well as humans, respond to bacterial DNA, but not vertebrate 
DNA, by producing anti-DNA antibodies. Messina, JP et al. (1991) J Immunol 147:1759- 
1764. Tbey realized that bacterial DNA was mitogenic for murine B cells and postulated that 
this activity resulted fiom "non-conserved structural determinants." Tbs differential 
stimulative capacity of bacterial DNA versus vertebrate DNA was also demonstrated for 
induction of NK cell activity by Yamamoto et al. Yamamoto, S et al. (1992) Microbiol 
Immunol 36:983-997. HPLC analysis of BCG extracts showed that the MY-1 fraction was 
composed of a broad size range of DNA fragments with a peak at 45 bases. Synthetic 45-mer 
oligodeoxynudeotides (ODNs) derived fix)m BCG cDNA sequences were positive for IFN- 
inducing c^padly and angmentadon of NK qrtotoxidty. Tokunaga, T et al. (1992) MicroUoI 
Immunol 36:55-66. 

Concunently, investi^rtors studying antisense ODN observed seqraice-dqpendent 
immune sthnulatoiy eSects. Subsequentiy, Krieg et al. formulated a fiamework for 
understandmg the pattern recogpitiott of bacterid or synd^ 

Nature 374:546-549. Using sequence-spedfic CpG-containiiig ODN-mediated mrtogeddly to 
B cells as an assay, they discovered that certain CpG dinucleolides, spedficaUy ^vnfhm DNA 
motife diq)la!ying a 5'*Pu-Pu-CpG*Pyi^Fyr-3' base sequence, were biologically active. 

Bacterid DNA* some vind DNA, and invertebrate DNA seem to differ structurally 
fiom vertebrate DNA. Bacterid DNA has tiie expected fiequency of CpG dimicleotides of 
1 : 1 6. In contrast, mammalian DNA extnlnts CpG siqypresdon and has only about one-fourfh 
as many CpO as predicted by random base usag^. Bird, AP (1986) Natme 321:209-213. Hie 
usage of the 5 -Pu-Pu*CpG-Pyr-Pyr^3' motif is evm more siq^nessed in mnn^ma iff compared 
witii the genome of Escherichia colL Kri^ AM et aL (1995) Nature 374:546-549. 
Furdieimdre, eukaryotic S'^^lpG-S' motifi are pre fe rentially me&ylated, and sequence'fpedfic 
med^lation of 5*-CpO-3' abolishes tfadr stimulatofy potentid. Kri^ AM et d. (1995) Nature 
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374:546-549; Bird, AP (19S6) Nature 321:209-213. The realization that these sequences are 
iinder-rq)resented in vertebiat^ DNA offers an explanation for several biological observations 
in ttie contesct of non-self pattern lecognitioQ by the immune system. 

CpG DNA induced m vivo immune responses 

The immunogenicity of proteinaceous natural and recombinant purified antigens is 
poor unless aided by adjuvants. Because of the apparent recognxdon and response to forrign 
DNA by tfie immime system, the potential of CpG DNA to serve as an adjuvant 
previously tested. Mice were challenged subcutaneously witfi liposoni&«ncq>sulated 
ovalbumin (used as antigen) and CpG-ODN (used as adjuvant) using a protocol desctibed by 
Lipfbxd et al. lipford, GB et al. (1997) Eur J Immunol 27:3420-3426. The mice which weie 
co-administered CpO-ODN developed strong peptide-specific ototoxic T lymphocyte (CTTL) 
activity in flie draining fymph nodes (LNs). Furthermore, not only was the antibody resfponse 
augmented, but CpO-ODN switched die iso^pe pattem to a Th 1 -type profile, m fliat antigen- 
!q>edfic IgG2a became dommant Upford, GB et al. (1997) Eur J Immunol 27:3420-3426. 
lids pattern ofstzong CTTL induction and Thl biaang in tiie antibody rqpertone has been 
extended to other piotein antigens. Subsequently, it has been found Hb^ the use of liposome as 
antigen carriers is not necessary for CTL inductioit Hiis observation was unexpected because 
typical^ soluble protein antigens can not enter the mq or histoc<mq)atitHlity complex (MHQ 
dass I presentation pathway and therefore can not be presented to precuisor CTL by antigen- 
presenilis cells (APCs). 

The Till bia^ngofC!pO DNA i9^en co-administered imth protein anti^ 
been fully documented. Roman et al demonstrated the dommance of antigen-specific IgG2a 
induction vAen isang as the adjuvant either QpG*ODN, plasmid DNA containing CpO moti&> 
orbactaialDNA. TheThl-fmoootingadjuvantidtyofC^-ODNmaybeu^ 
rejection to protective^ or even curative, reqwnses in T1i2-d^ 
(}p(K)DN modulation of Th2 driven anw^ inflammation in a murine modd of asthma 
induced with Schistosoma numsonl eggs. Airw^ eosinophilia, Th2 cytokine induction, IgE 
production and bronchial l^poreactivity were prevented by 

vijAi egg sensitization. Additionally, egg sensitized mice treated at day 7 post sensiti2Btion 
widi C}pG-ODN and antigen were protected fiom airway eosinophilia. Similar results were 
obtained in an m&ction modd fi^ the ledhection of Th2 responses to pn>tective 
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responses supplied by our demonstiHtion that CpG-ODN protected B ALB/c mice against 
lethal Leishmania nugor infections. Lipford, GB ct al. (1997) Eur J Immunol 27:2340-2344; 
Zimmermann, S ct al. (1998) J Immunol 160:3627-3630. Post L mcgor infection C57BL/6 
mice develop a Hil driven response that is protective, however BALB/c mice develop a Th2 

5 driven response that is not protective. In tiiis syst^ of Th2 driven infectious disorder, 

administration of CpG-ODN cured Leishmania nugor infected BALB/c mice when s^lied as 
late as 15 days after infection. TTie phenotype of the response post CpG intervention was Thl- 
like although the initial response to L major challenge was Th2-like. CpG-ODN triggers the 
release of IL-12 into the saum post mjection and IL-12 is a known inducer of Thl 

10 differentiation. The wave of IL*12 is transient, however, peaking at 2-4 h and returning to near 
baseline by 24 h. Experimental treatment with anti-IL-4 or IL-12 following with L mc^or is 
effective only within tiie first 3 days; at later time points, even multiple ii^ections of IL-12 fail 
to mfluence the course of infection. Since CpG-ODN effectively stimulate NK cells to 
produce EFN-y, and since fliere is evidencethat IFN-^ can redirect Th2 response in vitro and 

15 in vivOt this may be apossible explanation. However, tfie actual cellular and molecular 
m edianism of the curative effects are yet pooriy understood. 

Induction of splenomegaly by ODN 

Splenomegaly is a well-recognized phenomenon accompanying some oligonucleotide 

20 ixgections. Branda et ai. observed that mice developed massive qdenomegaly and polyclonal 
hypergammaglobulinemia within 2 days after intravenous injection of a phosphorotMoate 
oligomcar that is antisense to a portion of the rev region of the HIV- 1 gooome. Branda» RF et 
al. (1993) Biochem Pharmacol 452037-2043. Histologic examination of spleens firom 
iigected animals showed marked esqiansion of a uniform-9{ypearing populaticm of smaU 

25 lymphocytes. How ^tometry analysis indicated fhat the responding cells were 

predominamly B-lymphcK^tes. Mojcik et al. observed that injection of mice with antiseose to 
tibe mitiation re^on of the em^ gene resulted in 0 mcreased spleen cell numbers, prunarily 
due to an increase in spletuc B cells* Oi) increased class n MHC expre^ 
increased RNA and DNA synthesis, and (iv) mcreased numbers of immunoglobulin Qg)- 

30 producing cells. Mdjcik, CF et al. (1993) Clm Immunol Immunopathol 67:130-136. They 
ccmduded that products of certain endogenous retroviral sequences regulate lymphocyte 
activation in vivo. In efforts to test the efficacy of NF-kB p6S oligonucleotides in vtvo^ 
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Mdntyie et al. unexpectedly observed Ibat the control p6S-8eiise» but not the p6S<intisei^ 
oligonucleotide caused massive splenomegaly in mice. Mdntyre, KW et al. (1993) Antis^ise 
Res Dev 3309''322, In this study they demonstrated a sequence-specific stimulation of splenic 
cell prolifiaation, both in vivo and in vitro, by treatment with pSS'-sense oligonucleotides. 
Cells expanded by tbis treatment were primarily sIg+B cells. The secretion of 

immimoglobuHns by fte pdS-'Sense oUgmmcleotide-tieated splenocytes was also enhanced. In 
addition, the p65-sense-tiealed splenocytes, but not several other cell lines, showed an 
iq»egulation of NF-icB-like activity in die nuclear extracts, an effect not dependent on new 
protein or RNA synthesis. Zhto et aL concluded tiiat phosphoiothioate ODN induce 
^lenomegaly due to B cell proliferadoiu Zhao, Q et al. (1996) Biochem Pharmacol 51:173- 
182. In a follow-iq> study Tim et al. found administration of the IT-mer-phosphorotfaioate 
oligonucleotide into mice resulted in sploiomegaly and an increase in IgM production 48 far 
post-administistion. Zhao, Q et al. (1996) Biochem Pharmacol 52:1537-1544. 

Agmwal et al. evaluated tiie in vivo toxicological effects of phosphorothioate 
oligodeo^^nudeotides (PS oligo). Agrawal, S et al. (1997) Antisense Nucleic Acid Drug Dev 
7:575-584. OligodeoT^^micleotides woe administrated intravenously to male and female lats 
at doses of 3 , 1 0, and 30 mg/kg/day for 1 4 days. Rats were killed on day 1 5, blood sa&q)les 
were collected for hematotogy arid clinical dieniistiy detent 

lyoqdi nodes» spleens^ livers, and Iddn^ were subj ected to pathologic examinations. The 
toxicity proffles of four oligodeoxymideotides were very similar, but differed in magmtude. 
Alterations in hematology parameters inchided thrombocytopenia, anemia, and neutropenia. 
Dose-dqpendent enlargenaents of spleen, liver, and kidney wexe observed. Patiiolog^c studies 
diowed a generalized hypeqilasia of tiie reticuloendolbeUal system in the tissues examined. 

Kxi^ et aL reported tiiat bacterial DNA and synthetic ofigodeo^^mldeotides 
containing uimietiiylatedCpG dmudeotides induce murine B cells to proliferate and seoete 
immunoglobulin in vitro and in vivo. Krieg, AM et aL (1995) Nature 374:546-549. This 
activation is enhanced 1^ ^nmhaneons ngnab delivered tiuough tiie antigen recqrtor. 
Optimal B cell activation tequxtes a DNA motif in ^ch anunmetfaylated CpG dmudeotide 
is flanked by two 5' purines and two 3' pyrimidines. Oligodeoxymicleotides containing tiiis 
CpO inotif induce more tibm 95% of aU spleen B celb to enter the ceU cyde. M a 
Mcmteilh et aL, treatment of rodents witii phoqdiorothioate oligodeo^^ucleotides induced a 
form of immune stimulation characterized 1^ splenomegaly, lynq>hoid hyperplasia. 


wo 99>581 1ft PCrr/lB99/D]285 

hypergamziiaglobulmeinia and mixed monomiclear ceUular infihrates in numeioiis tissues. 
Montdtfa, DK et aL (1997) Anticancer Dn% Des 12:421-432. Immutte stimuladon was 
evaluated in mice with invtvo and in vitro studies using aieview of historical data and 
specific in vivo and in vitro studies. All phosj^iorothioate oligodeoxynucleotides evaluated 

S induced splenomegaly and B lymphocyte proliferation. Splenomegaly and 6-lymphocyte 
proliferation increased with dose or concentration of oligodeoxynucleotide. Hie rank order 
pot^icies for B-lymphocyte proliferation in vitro and splenomegaly correlated well for the 
oligodeoxynucleotides tested. Thus the ov^ding evidence provided by the literature 
concludes that the phenomenon of splenomegaly induced by ODN is probably sequence 

10 dependent and explained by B cell mitogenicity. 

Hematopoietic development is considered to be regulated by colony-stimulating 
fibdors, which promote colony formation and proliferation of cdls of various primitive 
lineages^ and potentiators, which pot^itiate maturation or dififerentiation into various blood 
cells. In general, the observation of splenomegaly is plained by direct ODN B cell 

IS mitograicity in a sequence specific mann^. 

Qytokine imduction and hematopoiesis 

As described above the cytokine repoloire induced by CpG-ODN injection is Thl in 
nature^ and an:q>le evidence suggests thb exerts a sb^^ biasing effect to the subsequent 

20 ixmnune lespcmse development Zhao et aL administeied to mice a 27*-mer phosphorotiiioatB 
oli^mucleotide (sequence 5'-TCG TCO CTG TCT CCG CTT CTT CTT GCC-3' SEQ ID 
NO:109)» vAidk had pre^riously been ^wn to cause spleaomegsly and 
t^ypeggammagjobulTnemia jspon in vivo administration in mioe» and studied the pattern and 
kinetics of cytokine production at both tfie splnic mRN A and serum protdn levels* Zhao et 

25 aL (1997) Antisense Nucleic Add Drug Dev 7:495-502. Following i.p. administiatkm of 50 
mg^ of oligonucleotide^ significant incareases in the splenic mRNA levels of IL^» IL-12 
p40»IL-lp,andII^lRaandsffl[umlevdsofIL-6,ILrl2,I^ were obsarved. 

In contrast, no sfgnificmrt differences in splenic mRNA levels of 11^2, 11^ 4, IL-5, IL-9, JLr 
13, II/olS, IFN-Y» or NOF or serum levels of IL-2, IL-4, IL-S, IL-10, IFN-r, or GM-CSF were 

30 detected. These studies show a distinct pattom and kinetics of cytokine production foil owing 
oli^nudeotide administration and further demonstrate tbatcytddne induction is not a 
general pcoperty of phosphorothioate oligonucleotides but is dependent on the sequence and 
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dose of the oligonucleotides. Serum release of IL-1, EL-12 and TNF-a was also 
CQDfixmed by lipfoid et aL lipford, GB et al. (1997) Eur J Immunol 27:2340-2344. 

Hendrzak and Biunda demonstrated that administration of IL-12 in mice caused 
dsombocytopenia, splenomegaly, and mononuclear cell infiltration, an explanation for the 

5 splenomegaly. Hendrzak and Brunda (1995) Lab Invest 72:619-637. IL-12 has been shown to 
be released in response to CpGODN and is an inducer of IFN-y. Control of intracellular 
tecteriai infections requires IFN-y both for establishing a Thl T-cell response and for 
activating macrophages to kill the bacteria. Murray et al. observed that exposure of mice 
deficient in IFN-7 to mycobacterial infection produces an immune response characterized by a 

10 Th2 T-cell ph^type, florid bacterial growth, and death. Murray, PJ et al. (1 998) Blood 
91 :2914-2924. They reported that IFN-Y-defident mice infected with mycobacteria also 
undergo a dramatic remodeling of the hQnatoi>oietic system. Myeloid cell proliferation 
proceeds unchecked throughout the course of mycobacterial infection, resulting in a transition 
to extrameduUary hematopoiesis. The splenic ardiitecture of infected IFN-y-defident mice is 

15 completely efifooed by expansion of macrophages, granulocytes, and extrameduUary 
hetnatopoietic tissue. These features coincide with ^lenomegaly, an increase in splenic 
mydoid colony-forming activity » and maiked gnurolocytoris in the peripheral blood. Systemic 
levels of cytoldnes are elevated, particularly IL-6 and granulocyte colony-stimulatmg fector 
(GCSF)* These results suggest that in addition to its central role in cellular immunity, IFN-y 

20 may be a key cytokine in the coordinate regulation of immune efibctor cells and myelopoiesis. 
Several studies have noted the in vttro inhOntion of colony fimning units by IFN-y. Thus 
according to the jdor art strox^ llil response as diamcterized by 
inhibitory for hemati^iesis events. 

Alflioue^ it has been believed tiiat 1L-3/GM-CSF/IL-5 (ThO and Th2 cytokines) 

25 produced by activated T cells play a mq or lote in wpaosaxm of hematopoietic cells in 

emergency, results indicate tosX tiie eatize function of 1L-3/GM-CSF/IL-5 is dispensable fer 
hematopoieafi in emeigCTi^ as wdl as tntiiB steady state, 
mechanism to produce blood cells in botiisitnations. IL:13, a recently identified Th2 
cytokine^, shares some, but not all, IIr4 fimctions, 

30 macrophage activation, stimukdon of hmnan B ceUs, and induction of growtii and 
differentiation of mouse bone maizow oelb vi^0. Lai et al. tested to 
recombinant mouse ILrl3 (tlLrlS) fiom stably ttansfected, high expressing BWS147 
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thymoma cells. Lai, YH et al. (1996) J Immunol 156:3166-3173. After purification by anion 
exchange chromatography, rIL-13 was administered in the peritoneal cavity of BALB/c mice 
via osmotic pump for 7 days. Spleens fiom the rlL-l 3-treated mice were significantly 
enlarged compared with control spleens due to increased cellularity. In particular, increased 
numbers of immature erythroblasts and megakaryocytes were observed in splenic sections 
after rIL-13 treatment Spleen cells fiom rIL-13-treated mice showed greatly increased 
responsiveness in vitro to recombmant forms of miouse IL-3, mouse granulocytC'^macrophage 
CSF, or human CSF-1 and, to a lesser extent, to mouse IL-4 or IL-IS. Moreover, the rIL-13- 
treated mice also showed significant increases in CFU-E, CFU-C, and eiythroid burst colonies 
in the spleen, further indicating die presence of inoreased numbm of hematop(Medc 
precursors. Hematologic analyses indicated that rIL*-I3 txeatmmt induced slight anemia and 
striking monocyte^. Finally, spleen cells fiom rIL»134reated mice produced significantly 
mc»re IL-6 upon LPS sdmulation. Interestingly, &6 strcmg Th2 response induced by 
N^ppostrongylus brasiUensis infection was also acconqmnied by an hiOK^se in hematopoietic 
precursor fiequencies in the spleen. Collei^efy, diese data indicate tiiat exogenous rll^ 1 3 
induces extramedullaiy hematopoiesis in mice and suggest that ei»logenous IL- 1 3 , a Tb2 
(^tokine, may contribute to replenishment of efifedor cells during strong Th2 responses. 

Summary QfHic Inventinw 
The prior art as a vAole inq)lies ttiat Th2 driven responses are strongly predisposing 
for extramedullary hematopoiesis. CpO<)DN injection is Tlil^riasing and 11i2H3iqy^^ 
In addition, IFN-7,fhe hallmark Thl cyfokitie, is considered si^qpresdve for hema^ 
colony fi>nning, and n-13, a Th2 cytokine has been shown to indi^ Tbusthe 
prior art would not suggest to one of sIdU in the art that tihe cytok^ 
CpG^DN injection vdU lead to hematDpoieas. To the contrary, ODN administration has 
been shown to lead to fiinmbocytDpema,aneiina, and rie p to Additionally the 
administralion of IL-12, a central qrtokine in CpG-ODN ^ects, induces thrombocytopenia. 
The phenomenon of qdenorn^y has been rq)eatedly coiidaled wi^ 
ODN, suggesting fiiat fhe ODN induces splenomegaly through B cell acdvation rather fiian 
hematopoiesis. 

The present invention relates to methods fi>r inducing hematopoiesis to treat immune 
system disorders. In oixe aspect the invention relates to a noeOiod for inducing an antigen- 
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specific immune lesponse. The method is based on the finding that a CpG oligonucleotide 
can be used to induce remodelixigofthe immune system by regulating Aflera 
CpG oligonucleotide and antigra aie administered togeth^ to a subject an initial immune 
r^^onse occurs. It has been discovered according to the invention that this initial immune 

5 response declines rapidly and a new immune response develops after apim>ximately 48 hours. 
Unfi3q>ectedly, Vfhm antigen is admmistered 48 hours or more after the administration of CpG 
an antigen specific immune response will be mounted to the antigen. This immune response 
is due to a repopulalion of lymph nodes and/or spleen with primed immune cells. 

Thus, in one aspect the invention is a method for inducing an antigm*specific unmune 

1 0 response by administering to a subj ect an oligonucleotide, having a sequence indudixig at 
least the following formula: 

yXiCGXaT 

wherein the oligonucleotide includes at least 8 nucleotides wherdn C and G are unmetfaylated 
and wherein X| and ]^ are nudectides, and exposing (he subject to an anti 
IS aft^ die oligonucleotide is admimstered to die subject to produce an antigen-spedfic unmune 
response. 

The subject mi^ be exposed to the antigen at least 48 hours after tiie CpO 
oligonucleotide is administered to the subject Itbasbeendiscoveiedtibat tmmune system 
remodeling begins to occur within 48 hours of CpG administration. Itbasalsobeen 

20 discovered that the primed immune cells are stiU capable of responding to antigen even 30 
days after CpG administration. In one embodiment the antigen is adnoinistered at least 4 days 
after the oHgonucleotide is admimstoredU) the subject In another embodiment tiie antigen is 
adnunisteredatleast7daysafter1faeotigomideotideisadininistttedtothesi^^ In another 
embodiment tiie antigen is administered at least 1 5 days afier the oligonucleotide is 

23 admimstered to tiie subject In yet anotiso* embodiment the antigen is administered at least 30 
days after tiie oligonucleotide is administered to tfie subject 

Ilueantigm may t)e any type of antigqn known in the art Forinstance»insome 
embodiments the antigm may he cells, cell cactracte^ pmteing^ paptf Hftiy^ pftlypficdim'<fs^ 
polysaccharide conjugptes. Iiiads, g}ycolq;>ids» carbdiydrate, viral extracts, viruses, bacteria, 

30 fungjy parasites, and aUcagens. In other embodiments ttie antigen may be a nucleic acid 
encoding an antigOL 

In a piefexred embodunent tiiB antigen is an aUergen and tii^ 
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tteating allergy. In another embodiment the antigen is derived fix)m an infectious organism 
selected fiom the group consisting of infectious bacteria, infectious viruses, and infectious 
fungi and the method is a me&od for treating an infectiotis disease. 

The subject is e}qx>sed to an antigen. The subject may be actively exposed to the 
antigen* In one embodiment \vhen the subject is actively exposed to the antigen tiie antigen 
may be delivered in conjunction with a colloidal dispersion system. The colloidal dispersion 
system is selected fiom the group consisting of macromolecular complexes, nanocapsules, 
microspheres, beads» and lipid-based systems in anotiier embodiment A lipid-based system is 
preferably selected fiom the group consisting of oil-io-water emulsions, micelles, mixed 
miceUes, and liposomes. In another enibodiment the antigen may be adnmiistered in 
coxqunction \vith an adjuvant 

The subject may also be passively exposed to the antigen. In one embodiment the 
imbject is a subject at risk of developing canc^. In another embodiment the subject is at risk 
ofdeveloping an allergic leactiosL In yet another CTibodiment the subject is an asthmatic 

Tlie antigen qiedfic immune xeqxmse is a Till type immune 
embodiment 

The subject is a vertebrate animaL Ftefisrably, the subject is a human. Insome 
embodiments, however, tiiesiitgect is a nonhuman vertebrate ani^ In one embodiment, the 
veitekffate nohhuman ammal is selected fiom the gpnxp consistix^ of a dog» cat, horse, co w» 
pig, sheep, goat, chicken^ primate, fish, lat, and mouse. 

In another aspect the invention is a mefliod of treating hematopoiesis 1>y administering 
a CpO oligqnudeotide to a subject having or at risk of developii^ a hematopoietic disorder. 
A hematopoieticdisorder is a disorder involving a lossor decrease in numbers of one or mom 
hematopoietic cells. Hematopoietic cells ii^ude erytfan^cytes, leukocytes and plat^ 

Thus ia one aspect tiie invention is a metiiod for increa^dng platelet counis in a subject 
having Ifanimbocytopenia by adnunistering to a subject having tincmbocytopenia an 
oligonucleotide^ having a sequcaice induduig at least the &lloi;ring formula: 

yX,CGXa3' 

wherein tiie oligonucleotide mdudes at least 8 nucleotides wfaerdn C and O aie unmeAylated 
and wherein X| and are nucleotides, in an amount effective to increase platelet counte in 
tiiesubject In one ttnbodtment tiie thrombocytopenia is a non-G]iemo1faer^)eutic induced 
tiirombocytopenia. 
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According to aiiotber aspect the invention is a met^ 
developing thrombocytopenia by administering to a subject at risk of developing 
thrombocytopenia an oligonucleotide^ haraig a sequence including at least the following 
£[>nnulai 

yXiCGXaS' 

>;^eiein the oligonucleotide includes at least 8 nucleotides wherein C and G are unmethylated 
and wheiein Xi and X2 are nucleotides, in an amount effective to prevent a decrease in platelet 
counts ordmarily expected under platelet-depleting conditions in the subject whm the subject 
is expossd to platelet-depledng conditions. 

In one embodimoit &e oligonucleotide is administered in an amount effective to 
increase platelet counts in the subject by at least 10,000 platdete Inanofter 
embodiment the oligonucleotide is administmd in an amount effecd ve to increase platelet 
counts in fhe subject Iqr at least 20,000 platelets per miax>liter. In yet ano&er embodiment the 
oligonucleotide is administered to the sulgect m an amount effective to increase tbs platelet 
counts in the subject by 100 percent 

The thrombocytopenia is any type of tiirombocTtopeniaiau^ In one 

embodiment tibeffarQmbocytq[)enia is a dnig-mdocedttinn^^ Aocordingto 
another embodiment the thrombocytopenia is due to an autoimmime disorder such as 
idiopaducflmmibocytopenic purpura. InyetaxiotfaerembodinienlthetfarambocytDpeniaisa 
tiin>mbo(9tcq)aiia resulting fimmacddraitalradiati Thetixrombocytopecdaisa 
flux>mbo(^penia resulting fiom Iherqieatic radiation exposure in yet another mibodimeat 

Accorfng to another aspect the invention is a method for treatii^ aneo 
admini^ering to a subject having aneniia an oUgonucleotide;, hav^ 
least the foUovring formula: 

yXjCGXay 

wherein ^ oligonucleotide includes at least 8 nucleotides wfaerdn C and G are unmethylated 
and wfaoem X| and X2 are micleotides, in an amount effective to induce eryd)^^ 
subject 

In one embodiment the oligonucleotide is administered in an amount effective to 
increase erytiiroblast counts in the sttlject by at least 10 percent Inanodneranbodun^tiie 
oligcmucleotide is admimstered in an amount effective to increase etytfaro 
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subject by at least 20 percent According to yet another embodimsit the oligonucleotide is 
administered to the subject in an amount effective to increase eiytfaroblast counts in the 
subject by 100 percent 

The anemia can be any type ofanemiaknovvn in the art In one embodiment the 
anemia is a drug-induced ai^nia. In another embodiment tiie anemia is selected from the 
group consisting of an immunohemolytic disorder, genetic disorders such as 
hemoglobinppatby and inh^ted honolydc anemia; inadequate production despite ^f^^^i^ 
iron stories; chronic disease such as kidney failure; and chronic inflammatory ditoder such as 
rheumatoid arthritis. 

The subject having or at risk of having a hematopoietic disorder is a vertebrate animal. 
In a prefeired embodiment, the sulgect is a human. Inanoflserprefaredanbodiment,the 
subject is a dog. In yet other embodiments, the siitgect is a nonfaumanverte 
selected fiom the group condsdng of a cat; horse, cow, pig, sheep, goat, chicks prhnate, 
fish, lat, and mouse. 

In each of the aspects of the invention described above flie CpG oligonudeotide is an 
oKgonucleotide, having a sequence including at least the following formula: 

In some embodiments the oUgonndeotide is 8 to 100 nudeoddes in loigdL Inotfaer 
embodiments the oligonucleotide is 8 to 30 nucleotides in Iragth. 

Preferably the oligonudeotide is a stabilized oligonucleotide. In one embodiment the 
oligonudeotide includes a phosphate backbone modification vMdk is a phospknoduoate or 
ldu)spfa£xn>dithioate modification. In a prefenedembodinient the phosphate backbone 
modiScadoii occurs at the S" end of the oligonudeotide. In another preferred embodimeiit the 
idio&phate baddxme modification occurs at the 3* end of tiie olig<mttcleotide. 

According to a prefened embodiment of tiie invention tiie CpO oligonudeotide has a 
sequence includmg at least the foUowing fernnila: 

vdierein X1X2 are nucleotides sdected fiom the group condsting of :GpT, GpO, Gp A, ApA, 

ApT, ApG, CpT, C^, TpA, TpT, and TpO; and X3X4 are n^^ 

poup consisting of: TpT, CpT, ^T, TpG, ApG, CpG, TpC, ApC, CpC, TpA, ApA, and 

CpA, 


wo 99^18 


-13. 


PCT/IB99/D1285 


In another embodiment the CpG oligonucleotide has a sequence inchiding at least the 
following foxmula: 

5'TCNTX,XjCGX3X4 3' 
v^imin Xt, XjX^ and X4 are nucleotides^ N is a nucleic acid sequence composed of fiom 
5 about 0-25 nucleotides 

X1X2 are nucleotides selected fiom the group consisting of: GpT, GpG, GpA and ApA 
and X3X4 are nucleotides selected fiom the group consisting of: TpT andCpT in another 
embodiment 

Each of the limitations of tfie invention can encompass various embodiments of die 
10 invention. It is, therrfore^ antidi^ted that each of the limitations of the invmtion involving axqr 
one element or combinations of elements can be included in each aspect of the invention. 

Brief I>cscription Of T hePrawnigs 
Figure] is a graph depicting the kinetics of increased spleen weight iiuhiced by 

15 ODN. 

Figure 2 is a graph dq)icting the drnnges in phenotype of spleen cells afi^.stimulation 
withCpG-ODN. 

Figure 3 is a gr^h depictmg the CpG-ODN mduced changes in splenic cell numb^» 
number of splenic and BM QM-CFU. 
20 Figure 4 is a gr^h depicting the dose titration of CpG-ODN. 

Figure 5 is a graph depicting the hicreased mmiber of BFU-E mduced by CpG-ODN. 
Figure 6 is a gr^h depicting die deteimination of splera colony forming units of normal 
vs. QpG-ODN mduced spleen cells (CFU-S Assay). 

Figure 7 is a ffsfix d^ictmg the increased number of CM-CFV and enhanced CTL 
25 function after ODN*mjection coixdates wifli increased re^stance towards ledml listeriosis in 
subletimlly irradiated mice. 

Figure 8 is a pair of ffsphs dq>ictmg spleen wdg^hts and spleen cell counts S days 
following 5 fluorouTBcil administration to mice, mtii or mtiiout coa^faninistration of CpG-ODR 
Figure 9 is a graph depicting the splenic T lympho<^ counts on days 4, 7» and 1 0 
30 following 5 fluorouracil administnation to mice» with or without coadministration of CpG-ODN. 
Figure 10 is a grqphdepicting the splenic B lympho^te counts on days 4, 7, and 10 
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following S fluoTouracfl administiadon to mice, with or without coadministxatLon of CpG- 
ODN, 

Figure 11 is a graph depicting the white blood cell counts on days 4, 7, and 10 
following S fluorouracil administiation to mice» with or without coadministration of CpG^ 
ODR 

Figure 12 is a graph depicting the red blood cell counts on days 4, 7» and 10 following 
5 fluorouracil administration to mxce» with or wittiout coadministration of CpGODK 

Figure 13 is a graph depicting the platelet counts on days 4, 7, and 10 following 5 
fluorouracil administiation to mice, with or without coadministiation of CpG-ODN. 

Figure 14 is a gr^h depicting the induction of a cytotoxic T lymphocyte (CTL) 
response to spedfic antigen (ovalbunun, OVA) 10 days after adnumstmtion of S fluon>uxadl» 
with or without coadministrHtioii of CpO-ODN. 

Figure IS is a pair of grq[dis dqncting (left) tbc greats spkmc population of dmdritic 
cdls 7 days following admmistration of CpOODN to inice, and (ri£^) the larger ou^wQi 
of dendritic cells fiom splenocytes in culture after CpG-ODN» comparBd to control treatment 
vindb phosphate buffered saUne ^BS). 

Figure 16 is a grq^dqncting the enhanced and extraded induction of antibody in 
response to detoyed antigen e3q)0sure in niice i»:et^^ 
pretreated mice* 

Hgure 1 7 is a graph depicting the kinetic profile of CIL ix^ucdon in response to 
delved antigen aposas^ m mice pretreated with CpGOUN compared to PBS-pretcealed 
mice. 

Figure 1 8 is a gn^h depicting tiie kinetic projBle of CTL induction in lespooose to 
delayed antigen esqiosurB in inice pretreated with CpO^ODN conq^^ 
mice. 


Detafled Descrintion Of The Invmtgnn 
The invention relates to methods finr rqpilating spedfic aspects of hematopoiesis. 
Hematopoiesb refers to the generation of blood cells. The process of generating new blood 
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cells is controlled through the complex interaction of immune fectois such as int^eukin and 
CSF. Using these &ctois the iznmune system is able to regulate the levels of e 
cellular components in blood in response to physiological dianges. 

Erythrocytes, leukocytes and platelets are the essential cells of the human 
5 hematopoietic system. The priinaryftmction of erythn)cytes, also known as red blood cells, is 
to transport hemoglobin, v^ch in turn (^iries oxygen fix>m the Im Oxygenated 
hemoglobin gives the aythrocytes a red color. Leukocytes^ also referred to as my eloid ceils, 
are a heterogenous group of cells ibst mediate immune responses and which include 
granulocytes, including eosinophils, basophils, and neutrophils; monocytes; and T and B 
10 lymphocytes. These cells are found predoiniiiatdy in the blood, bone maxrow, lymphoid 
organs and epithelhnn. Leukocytes are referred to as ^te blood cells because ofa lack of 
iiaturalpigmem which gives the cells a ^tish or transparently^ Platelets play a 
role in hemostasis, or the regulation of bleeding. 

Many fitctors are capable of influencing ttie hematopoietic ^stem causing defidendios 
15 or malignandesofparticular types of blood cells. Disorders ofthe hematopoietic system vary 
dependingonthe&ctorcausingthedisorderas weUastiieceU typeajBTected 

Hie invention involves tiie discovery (hat CpG containing oligonucleotides can 
regulate hcmatopoieses to inhibit loss of blood cells in response to physiological disorders 
caused by genetic afanorinalities,env]ninmental factors or n^ Inanotiier 
20 aspect the invention involves the discovery fliat hematopoiesis can be manipulated usmg CpO 
oligonucleotides to induce imnmne system remodeling in otdet to stimnlate an antigen 
specific immune response. 

In one aspect tiie invention is a metiiod for indudiiginuxmnesys^ Hie 
process of imnnme system remodeling is based on the generation of immune cdls in xesfponse 
25 to a stimuli in prqaration for generating a strong antigen q)ecific immune response. Tlie 
stimulus is a CpO oUgonuGleotide. It has been discovered acconfing to IbeiocveDtion that 
when a CpG oligonodeotide is administered to a subject, afier an initial delay, the umnune 
system of tiie stdgecturidergpes a rq)qmlation event to produce a po^^ 
wbidi are primed to generate an antigen specific response. This mewed population of cdls 
30 remaios in ttie body fiir an extensive period of lime. When the primed cells encounter antigen 
tiiecelbrespoiid to the aritigen by px)ducizig an antigen specific In&cttfae 
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antigen is ct^abie of producing an immune specific response even in the absence of an 
adjuvant Ordinarily the administration of antigen in the absence of an adjuvant would not 
produce a specific immune response. 

Although Applicants are not bound by a particular mechanism it is believed that when 
CpO is administered to a subject, CpG activates the circulating immune cells, causing them to 
mature into mature active immune cells* If CpG is administered at the same time or slightly 
before or after an antigen then the circulating immune cells will likely contact the antigen and 
develop a specific immune response against that antigen. After a period of about 24 hours, the 
circulating immune cells will no longer be capable of mounting an antigen specific immune 
response because the drcukting cells have already been activated and Ithasbeen 
found according to the inventioiit however, tiiat qqproximately two days after tiie 
administrafion of CpG tiie subject's inmiune system has been re[Kipulated with immune cells 
wUch are arable of bong matured and activated in response to antigen. If antigen is 
administered at least two days after CpG administration then the immune system is capable of 
generating an antigen q[)edfic immune response, which may be even of a greater magrtitude 
than the immune response which is gmeiafiBd in response to antigen admiiustration at the 
same time as CpG. Two days after Q[>Gadministrati<mtiie remodeled immuiie system 
encornpasses a population ofceUswMdi are capable of lespondiiig to an^ Ithasbeen 
demonstrated acccnding to tiie invention timt this population of cells is capable of responding 
to antigen for long periods of time. Fw instance, administration of an antigen at time periods 
of greater than 30 d^ after the CpO adiniiiislmtion can sliU produce an an^ 
response. 

The ixiveDtk)n encompasses a metiiod for genetatin^ 
response by administering CpG to induce ixnmune remodd^ 
antigen, llie subject inay be intentionally e9q>osed to the axrtigen two days or more ato 
admiinstcred in order to devdop an immunity to a q[>ecific^ Thcsubjectimv 
also be esq)Osed passively to an antigen, causu^ a spedfic immune res^^ 
against an antigen to ^n^ch the subject is e>Q)osedfiomtiieen^ Hmsthe immune 

systm can be manipulated to be in an active state ready to req^^ 
such as pathogens. 

The metiiod for inducing unmune system remodeling of the invention is ametiiod fin: 
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mdudzig an antigen-specific immune lespoxise, by administering to a subject an 
oligonucleotide, having a sequence including at least fte following foimula: 

yXiCGX^y 

iwherdn the oligonucleotide includes at least 8 nucleotides wherein C and G axe umnethylated 
5 and wherein Xi and X2 are nucleotides, and exposing tfie subject to an antigen at least 3 days 
after the oligonucleotide is administered to &e subject to produce an antigen-specific immune 
reqwnse. 

An ^'andgen*' as used herein is amolecuie capable of provoking an immime response. 
Antigens include but are not limited td cells, cell extracts, polysaccharides, polysaccharide 
10 conjt^ates, lipids, glycolipids, carbohydrate, peptides, proteins, viruses, and viral extracts. 
The term antigw broadly includes any type of molecule which is recogni23ed by a host 
immnne system as being foreigu. Antigens iiidude but are not limited to cancer antigens^ 
mic3K>bial antig^ and allergens. 

The methods of the invention are useful for treating cancer by stimulating an antigen 
15 spedfic immune response against an antigen. A'*caDC6ranligen*'asusedheranisa 
compound, such as a peptide, associated wifh a tumor or cancer cell sur&ce and vMdk is 
capable of provoking an immune response vdien expressed on the sur&ce of an antig^ 
presenting cell in the contB3ctofanMHC molecule. Cancer antigens can be prepared fixmi 
cancer cells eitiier by prepariiig cnide exb»cts of cancer cetts, fbr 
20 Cohen, et al., 1994, Cancer Research^ S4:10SS, by partially purifymg the antigens, by 

recombinant technology, or by de novo syptheris of known antigens. Cancer antigens include 
anIigeaisthatarerecomlnnatdyaniinmuiiDgenicpcHtionoforawto Such 
antigms can be isolated or prepared recombinatiy or by any otfaermeans known in the art 
Cancers or ttmuirs iiiclude but are iiot limited to biliary tract cancer; fa^ 
25 cancen cervical canco; choriocareinoma; colon cancer; endometxial cancer; esqphogeal 
cancer; gastric cancer; intraq)itiidial neoplasms; lyinphomas^ 
small cell and non-small cdQ); melanoma; neuroblastomas; oral cancer; ovarian cancer; 
pancreas cancer; prostate canc^ rectal canc^ sarcomas; skin cancer, testicular cancer; 
thyroid cancer; and renal cancer, as wdl as other carcinomas and sarcomas. 
30 The niedK>dsofthB invention are also useful for treating mj^^ An 

infectious disease, as used herdn, is a disease arising fern tile preseiKce of a 
microc»ganismmtiiebody. is used to stimulate an antigen qpedfichnmuneresf^^ 
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wUch can activate a T or BceUr^ponse against an antigen of the micro The 
methods are accomplished in the same way as described above for the tumor except that the 
antigen is specific for a microorganism usmg a microbial antigen. A *^crobial antigen*^ as 
used herein is m antigen of a microorganism and includes but is not limited to infectious 

5 yirus» infectious bacteria, and infectious fimgi. Such antigens include the intact 

microorganism as well as natural isolates and fragments or derivatives thereof and also 
synthetic compounds which are identical to or similar to natural microorganism antigens. A 
compound is similar to a natural microorganism antigm if it induces an immune response 
(humoral and/or cellular) to a natural microorganism antigen. Such antigens are used 

10 routinely in the art and are well known to those of ordinary skill in the art 

Examples of infi»:tious virus indude but are not Ihnited to: Reiroviridae (e.g. human 
immunodeficiency viruses, such as HIV-1 (also referred to as HTLV-IH, LAV or HTLV- 
m/LAV, or HIV-in; and other isolates, such as fflV-LP; Picomaviridae (e.g. polio viruses, 
hepatitis A virus; enteroviruses^ human Coxsackie viruses, rhinoviruses, echoviruses); 

15 CalcMridae (e.g. strains that cause gastroenteritis); Togaviridae (e.g* equine ocepbalitis 
viruses, rubella viruses); Flaviridae (e.g. dengue vuuses» encephalitis viruses, yellow fever 
viruses); Coronaviridae (e.g. conmaviruses); Khabdovbradae (e.g. vesicular stomatitis viruses^ 
rabies vuusra); Coronmiridae (e.g. coronavinises); RluAdamidae (e.g. vesicular stomatitis 
viruses, rabies viruses); FUovlridae (e.g. ebola viruses); Paramyxtmridae (e.g. parainfluenza 

20 viruses, mumps virus, measles virus, respiiatoty syncytial virus); Orthon^xcvirUbse (e.g. 
influen2a vinises); Bungavirtdae (e.g. Hantaan viruses^ bunga viruses, phleboviruses and 
Nairn viruses); Arena viridae QiemQnfaagic fever viruses); Reaviridae (e.g. reovinises, 
orU'mrses and rotaviruses); Bimavtridae; Heptuinaviridae (Hqffltitis B virus); Parvavirida 
(parvoviruses); Ptgwvcnrirldite (pqnlloma viruses, polyoma viruses); Admaviridae (most 

25 adeiioviruses);JEfei7?e5vjridk^ 

cytc»negalovirus (CMVX hexpes virus; Poxvi^^ 

viruses); mdh'tdo^ridae (e.g. Afiican swme fever virus); and undasafied vmises (e.g. the 
etiological agmts of Spon^oim encephalopadiies, the agent of delta hepatitis (thought to be 
a defective satdHteofhepatitisBvirusX the agetits of iion-A,non-Bhe^^ 1 » 

30 inteinaUy transmitted; class 2 - parentezally transmitted 0 .e. Hq»titis Q; Norwalk and 
related vinises^ and astrovirases). 

Examples of infectious bacteria indude but are not limited to: Helicobacter pyloris^ 
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Borelia hwrgdorfsrt^ Legionella pnaanopMia^ Afyeobaaeria sps (e.g. M tuberculosis, M 
aviuMy M intracetttdare, M hansaii^ M gordanae\ Staphylococcus aureus. Neisseria 
gonorrhoeae. Neisseria meningpidis. Listeria mono<ytogenes. Streptococcus pyogenes 
(Group A StreptococcusX Streptococcus agqktctiae (Gioup B StreptococcusX Streptocoams 
(viridans groiq)X Streptococcus faecatis. Streptococcus bovis. Streptococcus (anaerobic sps.), 
^reptococcus pneumoniae, pathogenic Campylobacter sp., Enterococcus sp., HaemopMus 
ir^uenzaCy Bacillus antracis, corynebacterium diphtheriaey corynebacterium sp.^ 
Erysipelothrix rhusiopathiae, Clostridium perfringers, Clostriditmt tetani, Enterobacter 
aerogenes, Klebsietta pneumoniae^ Pasturella nudtodda, Bacteroides sp,, Fusobacierium 
nucleatum, Streptobacillus moniliformis^ Treponema pallidiunty Treponema pertenue, 
Leptospira, Rickettsia, and Actinomyces israelii. 

Examples of infectioiis fungi include: Cryptococcus neoformans, Histoplasma 
ccpsulatumy Coccidioides immitis, Blastomyces dermatitidis, Chlamy<Ua trachomatis, 
Canada albicans. Other infectious organians (i.e., protists) include: Plasmodium such as 
Plasmodium falciparum, Plasmodium nudariae, Plasmodium ovale, and Plasmodium vivax 
and Toxoplasma goruSL 

Other medically relevant microorganisms have been descried extensively in the 
literature, e.g., see CO A Thomas* Medical Microbiology, Bailliere Tindall, Great Britain 
I983» the entire contents of \^di is hereby incorporated by reference. 

The methods ofUie invention are also useMfoT treating allergic £seases. The 
methods are accomplished in the same way as described above for the tumor immnn0therq>y 
and treatment of infectious diseases except that the axitigen is spedfic f 
Currently, allergic diseases are generally treated by the injection of small doses of antigen 
followed by subsequent increasing dosage of andgen. It is believed that this procedure 
produces a memory immune response to prevent further aUergicrea^ These meOiods, 
however, are assodatedwiOi the risk ofddeeGkcts such as an aU^ The 
methods of ^ invention avoid these problems. 

An "allergen** refers to a substance (antigen) Aat can induce an allergic nr ng^fi fpirt^p. 
leqxmseinasnscqjtiblesidgect The li^ofallngens is enorinous and can include pollens^ 
insect venoms, aniinal dander dust, fimgalq)ores arid drugs (e.g.peQici^ Examplesof 
natural, arumal and plant allergens include but are not limited to proteins specific to the 
following genuses: Canine (Canisfomiliaris); Dermatq/^goides (e.g. Dermatophagoides 
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farinae)\ Felis (Felis domesticus); Ambrosia {Ambrosia artemiisfolia; Lolhm (e.g* Lolium 
pereme or Lolium multiflorwn); Cryptomeria {Qyptomeria Jcponica); Altemaria (Altemaria 
altemata); Alden Alnus {Alnus gtdtinoasa); Bettda {Bettda verrucosa); Quercus (Quercus 
alba)i Olea (Olea europa); Artemisia {Artemisia vulgaris); Plantago (e.g. Plantago 
lanceolata); Parietaria (e.g, Parietaria officinalis or Parietaria judaica); Blattetta (e»g. 
Blattella germanica); Apis (e.g. Apis nmltiflorum); Cupressus (e.g. Oq^ressus seng>eryirens^ 
Cvpressm arizonica and Cvpressus maarocarpa); Jvofoperus (e.g. Junipmts sabinoides^ 
Juniperus virgimana^ Juniperus communis and Junipems ashef); Thuya (e.g. Thiya 
orienialis)i C3%amaecyparis (e.g. Chamaecyparis obtusa); Periplaneta (e.g. Periplaneta 
americam); Agropyron (p.g.Ag^opyron repens); Sectde (e.g. Secale cereale); TYiticum (e-g. 
TrtOcum aesttwm); Dadylis (e.g. Dactylis glomerata)\ Fesiuca (e.g. Festuea elatior); Poa 
(e.g. Poapratensis or Poa conqxressa); Avena (e.g. Avem sativa); Holcus (e.g. Holcus 
lanatus); Anthoxantkum (e^. Anthtmtnihum odoratum)i Arrhenatherum (e.g. ArrhenaOterum 
eUUhis); Agrostls (e.g. Agrostis alba); PUeum (e.g. PhUeum pratense); Phalaris (e.g. Phalarts 
aruFuSmcea); Paspalum (e.g. Paspaltm notatum); Sorgjhum (e.g. Sorghum halq)ensis)i and 
Bromus (e.g. Bromus inermis). 

An **aUergy*'re&is to acquired liypersenatm Allergic 
conditions include but are not limited to eczema, allergic riunitis or coiyza, nay lever, 
branchial asthma, urticaria (bives) and fi^aUere^ Asobject 
having an allergic reaction is a subject that has or is at risk of develoi»ng an allergy, 

Allea^es are generally caused by IgB antibody generation c^ainst harmless allergens. 
Ibe cytokines that are induced by unmetfa^taled QpO oligonucleotides are predominantiy of a 
dass caUed " i^ch is most niaiked by a cdhdar immune req>onse ^ 
IL>12andIFN-Y. The olfaerin^or type cfimmunere^xmseb tanned as Th2 immune 
response^ \Addb is assodaled with more of an antibody tipm u ™ req)onse and mdi the 
production ofIL-4»ILrS and IL-10. In general, it sqypears that allergic diseases are mediated 
by Th2 type uxmume responses and autmnm Based on 

the ability of fhe CpO oligonucleotides to shift the immune response in a subje^ fiom aTh2 
(^ch is associated witii production of IgE antibodies and allergy) to a Thl response (vM<Ai 
is protective against allei^o reactions^ an effective dose of a CpO oligonucleotide can be 
admimstered to a subject to treat or prevent an allergy. 

CpG oligonucleotides may also have significant therapeutic utility in die txeatment of 


wo 99/58118 PCTyiB99y01285 

-21- 

asthma* Th2 cytokines, especially IL-4 and IL-S are elevated in tlie airways of asdimatic 
subjects. These cytokines, especially IL-4 and II^S are elevated in the airways of asthmatic 
subjects. These cytokines promote important aspects of flie asthmatic inflammatory response, 
including IgE isotope switching, eosinophil diemotaxis and activation and mast cell growth. 
S Thl cytokines, especially IFN-y and XL- 12, can suppress the formation of Th2 clones and 
production of Th2 cytokines. "Asthma** refers to a disorder ofthe respiratory system 
characterized by inflammation, narrowing of the airways and increased reactivity of the 
airways to inhaled stents. Asthma is fiequendy, altfaough not exchiavely associated with 
atopic or allergic symptoms. 
10 It is believed ttiat the antigen is taken up by an antigen presenting cell (APC) snchasa 

dendritic ceU in Aerepopulated immune system. The APC then processes and presents the 
antigen on its cell sur&ce to produce a ^^totoxic T lymphocyte (CTL) response by interacting 
with T lymphocytes or an antibody response by interacting with B lymphocytes. Preferably, 
the antigen is eoqposed to the immune cells 48 hours after adding CpG. In a more preferred 
]5 ^nbodimentptiiesulyect's immune cells are exposed to the antigen 60 ho In 
other embodiments the sulgect*s immune cdls are esqsosed to the antigen 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17.1 8, 19, 20. 21. 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34,35, 36, 37, 38, 39, or 40 daysafterlfaeCpO. 

A "subjecf* shaU mean a hunm or vertebrate animal induding but not 
20 dog, cat, horse^ cow, pig, sheq>, goat, chicken, primate, e.g., monkey, fish (aquacuhure 
apedes), e.g. salmon, rat, and mouse. 

Although many of the disoidra described above relate to human disorders, flie 
invention is also useful for treating other nonhuinan vertebrates. Nonhumanvolefaratesare 
also capable of developing caxicer,iniectioris,aUergies, and asdm For instance, in addition 
25 to tibe treatment of infectious human diseases, the methods of the invention are useful for 
treating mfections of animals. As used herein, the tem'teai" or 'treating*' i?^^ 
reqpect to an infectious disease refers to a prophylactic treatment which 
reastance of a subject to infection widi a pafiiogen (», in other words, decreases the likdihood 
that die sutgect will become bifixted with the pathogea Many vacdnesf€»r flue treatment ittf 
30 non4mman vertdnates are disclosed in Bennett, K. Compendium of Veterinary Products^ 3rd 
ed. North Amnican Compeodimns, Inc., 1995. 

Thus the present invention contenq>lates the use of CpG oligonudeottdes to induce an 
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andgen specific hnniune response in buman and non-human animals. As discussed above^ 
antigens indxide infections microbes such as virus, bacteria and fungi and fragments thereof, 
derived &om natural sources or syndietically. Infectious virus of both buman and non-human 
vertebrates, include retroviruses, RNA viruses and DNA viruses. This ffoup of retroviruses 

5 includes both simple retroviruses and complex retroviruses. The simple retroviruses mclude 
the subgroups of B-type retroviruses, C-type retroviruses and D^type letroviruses. An 
example of a B-type retrovirus is mouse mammary tumor virus (MMTV). The C-type 
retroviruses include subgroups C-type group A (including Rous sarcoma virus (RS V), avian 
leuk^a virus (ALV), and avian myeloblastosis virus (AMV)) and C-type group B (including 

10 murme leukemia virus (MLV), feline leukemia virus (FcLV), murine sarcoma virus (N^ 
gibbon ape leukemia virus (GALV), spleen necrosis virus (SNV), reticuloendotheliosis virus 
(RV) and simian sarcoma virus (SSV)). The D-type retroviruses include MasonrPfiz^ 
monkey virus (MPMV) and simian retrovirus type 1 (SRV-1). The conQ>lex retroviruses 
include the subgroups of lentiviruses, T-oell leukemia viruses and the foamy viruses. 

15 Lentiviruses include HIV-U but also inchide HIV-2, SIV» Visna virus, feline 

ixivnunodeficiencv virus OFIV), and equine infectious anemia virus (EIAV). The T-ceU 
leukoma viruses include H1LV-1, HTLV-II, simian T^cell leukemia virus (STLV), and 
bovine leukemia virus (BLV). The foamy viruses include human fi>an^ virus (HFV), simian 
fi>amy virus (SFV) and bovine foamy virus (BFV). The fcmgoingUst is iUustradve,an^ 

20 not mteoded to be limiting. 

Examples of other RNA viruses that are antigens in verfefarate animals include but are 
not limited to, flie foUomng: menibers of the fionily Reo\iridae, mcluding tte genus 
QrOioreovinis (multiple serotypes of both mammalian and avian retroviruses), the genus 
CMnvinis CBhiefcongue virus, Eug^nangee virus, Kemmvo virus, Afiican horse sickness 

25 virus, and Colorado Tick Fever virus), ibe genus Rotavirus (human rotavurus, Nebraska calf 
cfianfaea virus, murine lotavmis, simian n>tavirus, bovine or ov^ 

the &mily Picomaviridae, including the genus Enterovirus (poliovirus, Coxsadde virus A and 
B, enteric cytopafluc buman orphan (ECHO) viruses, hepatitis A virus, Sunian enteroviruses. 
Murine encephalomyelitis (ME) viruses, Poliovirus mmis. Bovine enteroviruses, Pordne 
30 enteroviruses , the genus Canfiovirus (Encephalomyocardids virus (EMC), Mengovirus), the 
genus Rlunoviros (Human dnnoviruses mclucHiig at least 113 subtypes; other tlunoviruses), 
the genus Apthovirus (Boat and Mouth disease (PMDV); the fiasnily Calci viridae, inGhTdtng 
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Vesicular exanlheamofswine virus, San Migud sea fi^ virus. Feline picomavirus and 
N(»walk vims; &e &mily Togaviridae, including the genus Alphavinis (Eastern equine 
encq>halitis virus, Semlild forest virus, Sindbis virus, Chikungunya virus, O'Nyong-Nyong 
virus, Ross river virus, Venezuelan equine encq)halitis virus. Western equine encephalitis 
virusX tbie g^us Flavirius (Mosquito borne yellow fever virus. Dengue virus, Japanese 
encephalitis virus, St Louis encq)halitis virus, Murray Valley encephalitis virus. West Nile 
virus, Kunjiu virus. Central European tick tome virus. Far Eastern tick borne virus, Kya^ur 
forest virus, Loiqring III vixns, Powassan virus, Omsk hemonhagic fever virus), the genus 
Rubivirus (Rubella virus), die genus Pestivinis (Mucosal disease vims. Hog cholera virus. 
Border disease virus); tbe.&nuly Bunyaviridae, including the genus Bunyvirus (Bunyamwera 
and related viruses, California encephalitis group viruses), the genus Phlebovims (Sandfly 
fever Sicilian virus. Rift Valley fever virus), the genus Nairoviins (Crimean-Congo 
hemorrhagic fever virus, Nairobi sheep disease virus), and die genus Uukuvirus (Uukunioni 
and related viru^); the ^mily Qrtfaomyxoviridae, incltiding the genus Influenza virus 
(fnfluen?a virus type A, many human subtypes); Swine influenza virus, and Avian and Equine 
fiofluenza viruses ; influ^iza type B (many human subtypes^ m€\^^P!n^ type C (possible 
separate genus); the fannlyparamyxoviridae,induding the genus Paramyxovirus 
(Parainfluenza virus type 1 , Sendai virus, Hemadsorpdon virus, Parainfltteoza viruses types 2 
to 5, Newcasde Disease Virus^ Munqis vims), die genus MorUllivirus Measles virus, 
subacute sclerosing panencephalitis vine, distemper virus. Rinderpest virus), the genus 
Pteumovinis (respiratory syncytial vims (RS V), Bovine respiratory syncytial virus and 
Pneumonia virus of mice); forest virus, Sindlns viius» Ghikungunya virus, (yNycng^-Ny ong 
virus, Ross liver viius» Venezuelan equine encq>halitis virus. Western equine eDoejA^ 
virus), the genus Flavizius Mosquito borne yellow fev^ viras^ Dengue virus, Japanese 
enc^halitis vims, St Louis encqxhalitis virus, Murray Valley enoqdialitis vims. West Me 
virus, Kunjm virus. Central European tide borne virus. Far Eastern tick borne virus, Kyasanur 
forest virus, Loupiiig ni virus, Powassan virus, Omsk hm 

RoUvinis (Rubella vinisX ibs genus Pestivinis Q^ucosal disease vims, Hog cholera viru$, 
Bordg disease vims); the family Rimysivmdfle, mnl^wHng ggm^ Bmyvims (Bunyamwem 
and related vimsei^ California encq>halitis group viruses), ttie genus Phlebovims (Sandfly 
fever Sidlian virus. Rift Vall^ fever vimsX ^ genus Nairovims (Crimean-Congo 
bemorrfaagic fever virus* Nairobi sheqi disease vimsX and the germs Uukuvirus (Uukuniemi 
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and related viruses); the fiunily QrtlK>inyxoviridae, including the genus Tnf1»eny fl virus 
(Influenza virus type A, many human subtypes); Swine influenza virus» and Avian and Equine 
Influenza viruses; influenza type B (many human subtypes), and influenza type C (possible 
separate genus); the femily paramyxoviridae, including the genus Paramyxovirus 
(Parainfluenza virus type 1, Sendai virus. Hemadsorption virus. Parainfluenza viruses types 2 
to 5, Newcastle Disease Virus, Mumps virus), the genus Morbillivinis (Measles virus, 
subacute sclerosing panencephalitis vkus, distemper virus. Rinderpest ^drus), the genus 
Pneumovirus (re^iratory syncytial virus (RSV), Bovine respiratory syncytial virus and 
Pneumonia virus of mice); the family Rhabdoviridae, including the genus Vesiculdvirus 
(VSV), Chandipura virus, Flanders-Hart Park virus), the genus Lyssavinis (Rabies virus), fish 
Rhabdoviruses, and two probable Rhabdoviruses (Marburg virus and Ebola virus); the &mily 
Aienaviridae, including Lymphocytic choriomeningitis virus (LCM), Tacaribe virus complex, 
and Lassa virus; the £Eimily Conmoaviridae, including Infectious Bronchitis Virus (EBV), 
Mouse Hepatitis virus. Human enteric corona vims, and Feline Infectious peritonitis (Feline 
coronavirus). 

niusirative DN A viruses that are antigens in vertebrate ammals include, but are not 
limited to: the fiunily Poxviridae, including the genus Orthopoxvirus (Variola major. Variola 
minor* Monkey pox Vacdnia, Cowpox, Bufiblopox, Rabhi^Xt Bctromelia), the genus 
Lqxxripoxvirus^iyxoma, Fibroma), the genus AvipoxvirusCPoi^dpox, other avian poxvirus), 
the genus Capiipoxvuiis (sheeppox» goa^x), the genus Suipoxvinis (S winepoxX the gmus 
Parsqmxvirus (contagious postular dermatitis virus, pseudocowpox, bovine papular stomatitis 
vims); the fimily Iridoviridae (Afiican swine fever virus» Frog viruses 2 and 3 , Lynqihocystis 
vims offish); tiie family Heipesviridae, including the al^ha-Heipesvimses (Herpes Simplex 
T^pes 1 and 2, VaricellarZostBr, Equine abortion vinis. Equine herp 
psendorabies vims, infectious bovine kontoconjunctivitis vims, infectious bovine 
ifainotradieitis virus^ feline ifainotiBcheitis vims, infectious laryngotracheitis vims) the 
Beta-heipesvimses (Human cytomegalovirus and cytomi^oviruses of 5wii>e» monk^ and 
rodents); tibie gamma-hetpesvimses (Epstein-Barr virus (EBV), Marek's disease virus, Hexpes 
saimiri. Herpesvirus atdes, Hecpesvinis sylvilagqs, guinea pig 
virus); ^fianilyAdenoviridae,incIi^g the genus Mastadenovirus (Human subgroiq^ 
A3,C J)3 and ungroitped; simian adenoviruses (at least 23 sero^pesX infectious canine 
faqiatitis, and adau)vinises of cattle, pigs, sheep, frogs and many olh^ 
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Aviadenovirus (Avian adsioviruses); and non-cultivatable adenovirases; the fsanly 
Papovmdae» including the genus Papillomavirus (Human p^illoma viruses, bovine papilloma 
viruses, ShoperabbitpqnUoma vinis, and various {Oogenic pq)iUomavir^ 
spedes), ttte genus Polyomavirus (polyomavirus. Simian vacuolating agent (SV-40), Rabbit 

5 vacuolating agent (RKV), K vims, BK virus, JC virus, and other primate polyoma viruses 
such as Lynqphotrophic p^illoma virus); the &mily Parvoviridae including the genus 
Adeno-associated viruses, the genus Parvoviius (Feline panleukopenia virus, bovine 
parvo viius, canme parvovirus, Aleutian mink disease virus, etc). Finally, DNA viruses may 
inchide viruses vMdi do not fit into the above families such as Kuru and Creutzfeldt-Jacob 

10 disease viruses and cbronic mfecdous neuropaduc agents (CHINA virus). 

Both gram negative and gram positive bacteria serve as antige&s in vertebrate animals. 
Sudi gram posidve bacteria include, but are not limited to fliose bacteria discussed above as 
well as Pasteurella species, SUq>hylococci species, and Streptococcus spedes. Gram negative 
bacteria include, but are not limited to, &ckerichia coli^ Pseudomoms species» and 

15 SalmomttaspGciss.Salmmttaeat3en^^ism importam pathogen in the commercial layer 
industry, as ovarian colonizatian of layers may result in matemally transmitted Salnwnetta in . 
table egg3. 

In addition to the use of CpG oligoncoleotides to induce an antigen specific immune 

responses in humaxis, tiie iiietiiods of the pre&ned embodi 
20 fig treatment ofhirds such as heiis»chidccns,turlcgys, dudes, gpese,quM^ 

are prime targets fiir many types of infections including AIDS or immunodefidency virus. 
Hatching birds are exposed to pafiiogeDic micioorganisms shordy after bntii. 

Ahfaoui^ these birds are initiatty pnrtecled against pathogens 

this protection is only temporary, and die Urd's own unnu^^ 
25 protect the bird against the padiogens. It is often dedxable to prevent infection in young birds 

whmfhey are most susceptible. It is also desinible to prevent agaixist infection in old^Urds, 

eqpedaUy whm die birds are housed in dosed quarters, Ifi^ 

Thus, it is deshdde to administer the oligonudeotide of tike invent 

an antigen-q)8cific immune response when antigen is present 
30 An example of a common infection in dndcens is chidcen infectious anemia virus 

(ClAV). CIAV was first isolated in Jq)an in 1979 duringanmvestigationofaMardes 

disease vacdnation break (Yuasa et aL, 1979, Avian Dis. 23:366-385). Since that time, CIAV 
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has been detected in commercial poultry in all major poidtry producing countries (van Bulow 
et aL, 1991, pp.690-699) in Diseases of Poultry, 9fli edition, Iowa State University Press). 

CIAVinfixtion results in a clinical disease, characterized by anemia, hemorrbage and 
iixmiunosuppression, in young susceptible chickens* Atrophy of the thymus and of the bone 

5 marrow and consistent lesions of CIAV-infbcted chickens are also characteristic of QAV 
infectioiL Lymphocyte depletion in the thymus, and occasionally in the bursa of Fabricius, 
results in immunosuppression and increased suscqptibility to secondary viral, bacterial, or 
fungal infections which tfaoa complicate the course of the disease. The immunosiqipressiQn 
may cause aggravated disease after infection with one or more of Marek's disease virus 

10 (MDV), infectious bursal disease virus, reticuloendotheliosis virus, adenovirus, or leovirus. It 
has been reported that pafliogeaeas of MDV is enhanced by CIAV (DeBoor et al., 1989, p« 28 
In Proceedings of tiie 3 Stti Western Poultry Diseases Confo^ce, Tentpe, Ariz.). FurOier, it 
has been reported that CIAV aggravates fb& signs of infectious bursal disease (Roseabeiger et 
al., 1989, Avian Dis. 33:707-713). CSuckens develop an age resistance to experimentally 

IS induced disease due to CAA. This is essentiaUyconq>lete by the 

birds are still susceptible to infection (Yuasa,N. etal., 1979 sapta; Yuasa,N. cial., Arian 
Diseases 24, 202-209, 1980). However, if diickens are dually infected witii CAA and an 
immunosi^iaes^ve ag^ (IBDV, MDV etc.) age resistance against 
(yuasa,N.etaL, 1979 and 1980 supra; Bulow von V.etaL, J. Veterinary Medicine 33, 

20 93-1 16, 1986). Characteristics of QAV tiiat may potentiate disease transmission include high 
resistance to environmeaxtalinaclivatian and soniecon^ Theeccmomic 
impact of QAV infection <m the poultry industry is clear fiom the &ct tiiat 1 0% to 3 0% of 
infected birds in disease ooAreaks die. 

Vaccination of birds, like other vertebrate arumals can be performed at ao^ 

25 Normally, vaccinations aie perfermed at iqp to 1 2 weeks of age for a live microorganism and 
between 14--18 weeks for an ixiactivatedinicroorgaDism or other type o^ Forinovo 
vaodnation, vacdnation can be performed in tiie last quarter of embryo development The 
vacdne may be adDi]nist«:ed subculaneously, by spray, orally, intmocularl^, intratradiBalh^^ 
nasally, in ovo or by other metiiods described hffl^irL Thus, tiieCpO oligonucleotide of the 

30 invention can be administered to birds and other non»human vertebmies using t miriiift 
vaccination sdiedules and the antigen is administered after an appropriate time period as 
described herein. 


wo 99/58118 PCT/lB99y01285 

-27- 

Catde and Uvestock are also susceptible to infe^ Disease v^ch affect these 
animals can produce severe economic losses, especially amongst cattle. The methods of the 
invention can be used to protect against infection in livestock, such as cows, horses^ pigs» 
sheqp, and goats. 

5 Cov/s can be infected by bovine viruses. Bovine viral diarrhea virus (BVDV) is a 

small enveloped positive^stianded RNA virus and is classified, aloi^ with hog dxolera virus 
(HOCV) and sheq> border disease virus (BDVX in the pestivirusgenxis. Although, 
Pestiviruses were previously classified in the Togaviridae fiunily, some studies have 
suggested their reclassification within the Flaviviridae femily along with the flavivirus and 

10 hq)atitis C virus (HCV) groups (Francki, et aL, 1 991). 

BVDV, vAdcSi is an important pathogen of catde can be distinguished, based on cell 
culture analysis, into cytopa&ogenic (CP) and ncmcy topalhogenic (KCP) biotypes. The NCP 
biotype is more widespread although both biotypes can be found in catde. If a pr^nant cow 
becomes infected willi anNCP strain, tiie cow can give birth to a persistently infected and 

15 specifically immuttotolerant calf fhat will spread vinis during its lifetime. Ilie persistent^ 
infectected catde can succumb to nuicosal disease and both biotypes c^ isolated fi:om 
tiieanimaL CUnicai manifestations can include abortion, teiatogenesis, and res^^ 
problrais, mucosal disease and mild dianhea. In addition, severe thrombocytopana, 
associated witii herd epidemics, tiiat may result in the death of tiie animal h^ 

20 axui strains assodated with this disease seem more vinilent than tiiedasa 

Equine herpesviruses (JEHV) comprise a group of antigenically distinct biological 
ag^als winch cause a variety of infections in horses ranging fitmi sub 
These indude Equine berpesvirus-1 (EHV-1), a ubiquitous pathogen in horses. EHV*1 is 
assodated witii qndemics of abortion, respiratoiy tract disease, and central nervous system 

2S disordefs. Primary infection of jxppcr respiratory tract of young horses results in a febrile 
illness which lasts for 8 to 10 days. Lmmmolc^caUy experienced mares 
the reqriratory tract widiout disease beconuiig apparent, so that d^orti^ 
witiiout warning. The neun>l<^cal syiidrome is associated with r 
and can affect animals ofeidia sex at any age, leading to incoordination, weakness and 

30 posteriorparalysis (Telford, E A. R. et al.. Virology 189, 304-316, 1992). OtiierEHVs 
include EHV-2, or equine cytom^alovirus, EHV-3, equine coital* exanthema virus, and 
EHV-4, previously clasrified as EHV-1 subtyi» 2. 
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Sheep and goats can be infected by a variety of dangerous microoiganisms including 
visna-maedi. 

Primates sudi as monkeys, s^es and macaques can be infected by simian 
immunodeficiency virus* Inactivated eell-vinis and cell-free whole simian immunodeficiency 

5 vaccines have been reported to aflFord protection in macaques (Stott et al. (1990) Lancet 
36:1538-1541; Desrosiers et al. PNAS USA (1989) 86:6353-6357; Murphey-Corb et al. 
(1989) Science 246:1293-1297; and Carlson et al. (1990) AIDS Res. Human Refroviruses 
6:1239-1246). A recombinant HIV gpl20 vaccine has been reported to afford protection in 
chimpanzees (Herman et al. (1990) Nature 345:622-625). 

10 Cats, both domestic and wild, are susceptible to infection with a variety of 

microorganisms. For instance, feline infectious peritonitis is a disease which occurs in both 
dornestic and wild cats, such as lions, leopards, cheetahs, and jaguars. When it is desirable to 
prevent infection with this and oth^ types of pa&ogenic organisms in cats, the methods of the 
invention can be used to vaccinate cats to prevent fhem against infection. 

1 5 Domestic cats may become infected with several retroviruses, mcluding but not 

Umited to feline leukemia virus (FeLV), feUne sarcoma virus (FeSV), endogenous type C 
onccxniavirus (RD-114), and feline qnicytiarfcnming virus (FeSFV). Of these, FeLV is die 
most significant pathogen, causing diverse ^mptoms, including lymphoreticular and myeloid, 
neoplasms, anmiiasy immune mediated disorders, and an immunodeficien^ syndrome 

20 Mddch is similar to human acquired immune defidmcy syndrome (AIDS). Recratiy , a 
particular replication-defective FeLV mutant, designated FeLV-AIDS, has been more 
particularly associated witii inmranosiqipressive properties. 

The discovery of feline T-lynqdiotropic lentivirus (also referred to as feline 
immunodeficiency) was first reported in Pedersen et aL (1987) Sdence 235:790-793. 

25 Characteristics of FIV have been reported m Yamamoto et aL (1988) Leukemia, December 
Supplement 2:204S-215S; Yamamoto et al. (1988) Am. J. Vet Res. 49:1246-1258; and 
Addey et al. (1990) J. Wixol 64:5652-5655. Cloning and sequence analysis of FTV have been 

reported in Ofansted et al. (1989) P^. NatL Acad. Sci. USA 86:2448-2452 and 
86:4355-4360. 

30 Feline infectious peritonitis (FIP) is a sporadic disease occurring unpredictably in 

dcmiestic and wild Felidae. While FIP is primarily a disease of domestic cats, it has been 
di^osed in lions, mountain licms, leopards, cheetahs, and the jaguar. Smaller wild cats tiiat 
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have been afiOi^ed with HP indude the 

cats» tte disease occuts predotmnantly in young animals, aldiough cats of all ages are 
suscqitihle. A peak inddence occurs between 6 a^ 

is noted from S to 1 3 years of age. followed by an mcreased incidence in cats 1 4 to 1 S years 
5 old. 

Viral and bactmal diseases in fin-fish, shdlfish or other aquatic life forms pose a 
serious problem for the aquaculture industry. Owing to the high density of animals in the 
hatchery tanks or enclosed marine fitnning areas, infectious disuses may eradicate a large 
proportion of the stock in, for example, a fin-fish, shellfish, or other aquatic life forms facility. 

10 Prevention ofdisease is a more desired reniedy to these threats to fish than intervention once 
the disease is in progress. Vaccination of fish is the only preventative method which may offer 
long-term protection throxigh immunity. Nucleic acid based vaccinations are described in US 
Patent No. 5,780,448 issued to Davis. 

The fish imnnme system has many features similar to &e mammalian immune system, 

IS such as the presence of B cells, T cells, lymphokines, complement, and inununog^obulins. 
Fish have lymphocyte subclasses with roles that appear similar in many respects to those of 
the B and T cells of mammals. Vaccines can be administered orally or by irnmexsion or 
injection. 

Aquacuhuie species include but are not limited to fin-fish, shellfish, and other aquatic 
20 animals. Fin-fish include all vertebrate fish, which may be bony or cartilaginous fish, such as, 
for example, salmonids,caip, catfish, yellowtail,seabream, and seabass. Salmonidsarea 
fimily of fin-fish which inchide trout (including rainbow trout), sabnon, and Arctic char. 
Examples of shellfidi include, but are not linuted to, dams, lobster, shtinq>, crab, and oysters. 
Otfa^cdtnred aquatic animals include, but are not limited to eels, sqm octopL. 
25 Polypeptides of viral aquaculture pafhogw include but are not limited to glycoprotein 

(O) or nucleoprotdn (N) of viral hemorrhage septicemia virus (VHSV); GotH proteins of 
infectious hematopdetic necrosis vinis (IHNV); VPl, VP2, VP3 or N stn 
infectious pancreatic necrosis vims (IPNV); O protein of spring viremia of caip (SVC); and a 
mCTtbrane-assodated protein, tegumin or cqssid protdn or gly coprotdn of diamie| catfi^ 
30 virus (CCV). 

Polypeptides of bacterial pathogens include but are not limited to an iron-regulated 
outer membrane prot^ 0ROMP), an ovsen membrane protem (OMP), and an A-protein of 
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Aeromonis salmonicida yMch causes funmculosis, pS7 protein of Renibacterium 
salmomnanim which causes bacterial kidn^ disease (BKD), major surface associated antigen 
(msa), a surface expressed cytotoxin (mpr), a surface expressed hemolysin (ish), and a 
flagellar w&gcn of Yersiniosb; an extracellular protein (ECP), an iron-regulated outer 
membrane protein (IROMP), and a structural protein of Pasteurellosis; an OMP and aflagellar 
protein of Vibrosis angnillarum and V. ordalii; a flagellar protein, an OMP protein^aioA, and 
purA of Edwardsiellosis ictaluri and E. tarda; and sur&ce antigm of Idr%ophdurius; and a 
structural and regulatory protein of Cytophaga columnari; and a structural and regulatory 
protein of Rickettsia. 

Polypeptides of a parasitic pathogen include but are not Ihmted to tiie sur&ce antigens 
ofldithypphthirius. 

Hie subject is e)q)osed to the antigen. As used herein, tiie term *'exposedto''xeite to 
either the active stq> of contactirig the sulgect with an antigm 

subject t0 tiie antig^ in vrw>. * Mediods for the active esqwsuie of a sutgect to an antigen are 
well-kru>wnintiieart In general, an antigen is administmd direct^ to tiie subject by any 
means such as intravenous, intramuscular, oral, transdennai, mucosal, intranasal, intrBtracheal, 
or subcutaneous administcatioiL The antigen can be adiniiiisteiedsystemicaUy<tf locally. 
Nfetiiodsfiiradnoiriistering the aiitigen and the CpG are described m A 
sutject is passivdy exposed to an antigen if an antigen becomes available for exposure to tiie 
immune cells in the body. A subject iiuiy be passively esqiosed to an antigen, for iostarioe, 
entry of a foreign pathogen into the body oar by the development of a tumor cell eagtregj^ng a 
fozrign antigen on its sur&ce. When a suigect is passively exposed to an antigen it is 
prefisned that the CpO oligonucleotide is an oligomicleotide of 8-100 nucleotides in length 
and/or has a phosphate modified backbone. It is also prefenedtiiattiie oligonucleotide is not 
adntinistered in conjunction ^with a jBtst antigen. 

The methods m yyhich a subject is passively exposed to an antigen «m he parriftiiiftrly 
dqiendent on tuning of CpO oligormdeotideadmimsCi^ Formstanc^masulgectatiisk 
of devdbpiiiig a cancer or an anergic or asOmiatic re^ 

the CpO oligonucleotide on a regular basis wfam that risk is greatest, i.e., during allergy 
sea»>n or after eq)Osure to a cancer causmgagenL Additionally tiieCpG oligonucleotide may 
be administered to travelers before they travel to foreign lands vibiste they are at risk of 
e}qposure to infectious agotts. Likewise the CpG oligonucleotide may be adinmistered to 
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soldieis or d viliaiis at risk of exposxiie to bioiwa^ 

TbuSy die inventioii contemplate scheduled administration of CpG oligonucleotides. 
TheoUgonucleotidesmay be administered to a subject on a weddy or mon&ly basis. Whena 
subject is at risk of exp(»5ure to an antigen or andgens the 

regular basis to maintain a primed immune system that will recognize die andgen immediately 
upon e}q>osuie and produce an andgen specific immune rqponse. A subject at risk of 
exposure to an andgen is any subject who has a high probability of being exposed to an 
Boa&gesa and of developing an immune response to the antigooi. If the andgen is an allergen 
and the subject develops allexgic rehouses to diat particular andgen and die subject is 
e>qposed to the andgen, i.e.y during poUen season, then that subject is at ru^ 
andgen. If such a subject is administered a CpO oligonucleotide on a monthly basis then they 
wiU maintain a primed set ofiaimunecelbwfaidi are cqiable of reoog 
an andgexL ^ 

A subject at risk of devdoping a cancer can also be treated according to the mediods 
oftfaeinvendoii. Impassive or active exposure to andgen foUowingQ^ A subject at risk of 
developing a cancer is one who is 1^ has a high probability of developing cancer. These 
subjects indude^ for instance, sutgects having a geo^ 

has h&exk demonstrated to have a coireladve relation to a hi^ier likelihood of developmg a 

cancer aod snlgects eaqposed to cancer causing agents such as tobacco^ 

chemical toxins. Whena8uI:gectatriskofdevd(qiingacanceris1featedwidiCpGona 

regular basis, such as monddy, tte subj ect will nudntain a primed set of immune oeUs vMxsh 

are cqiableofrBoogniztng and producing an and^ specific immune reponse^ Ifatumor 

bq;tns to fomi in die subject, die subject vviU devdop a q)6^ 

or more of die tumcs antigens. 

Ilus aspect of the iztvendon is pardculariy advantageous when the antig 
subject will be exposed is unknown. For instance, in soldiers at risk of esqposure to 
Inowaifire, it is g^i^ally not known vrfuii biolo^cal weq)on to ^ 
esqKised. A sulgecttravding to fordgn countries may libBwisen^^ 
ag^its they might come into contact with. By inducing immune system remodeling die 
immime system win be pruned to rBsqpond to any antig^ 

llie andgen may be deUvered to the imnnme system of a siib^ 
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earner. For instance, colloidal disp^on systems may be used to deliver antigen to the 
subject As used herein, a "colloidal dispersion system** refers to a natural or synthetic 
molecule, other than those derived from bacteriological or viral sources, enable of delivering 
to and releasing the antigen in a subject Colloidal dispersion systems include 
macromolecular complexes, nanocapsules, microspheres, beads, and lipid-based systems 
including oil-in-water emulsions, micelles, mixed micelles, and liposomes. A preferred 
colloidal system of the invention is a liposome. Liposomes are artificial membrane vessds 
wUc^ are useful as a deUvery vector in V7V0 or OTvi/ro. It has been shown that laige 
unilamellar vessels (LUV), which range in size fiom 0.2 -> 4.0 )i can encapsulate large 
macromolecules within the aqueous interior and these macromolecules can be delivered to 
cells in a biologically active form (Fraley, et at. 2>em& Btochem. ScL, 6:77 (1981)). 

Lipid formulations for transfection are commercially available fiom QIAOEN, fiur 
example as EFFECTENE^ (a non-liposomal lipid with a special DNA condensii^ enhancer) 
and SUPER-FECT™ (a novel acting daidrimmc technology) as wdl a$ Gibco BRL, for 
example, as UPOFECTIN™ and UPOFECTACE™, vdiich are fimned of cationic lipids 
such as N-{1-<2, 3 dioI^loxy>propyl]-N, N, N-tiimefhylammonium chloride (DOTMA) and 
dimethyl dioctadecylammonium toomide (DDAB), Me&ods for making liposomes are well 
known in the art and have been described in many publications. Liposomes were described in 
a review article by Gre^uiadis, O., TrefOs in Biotechnology 3:235-241 (1985), ^ch is 
hereby incorporated by reference. 

It is envisioned that the antigen may be deUvered to the subject in a nuddc 
molecde which encodes the antigmsudi that the antigen must be egqpres^ The 
nucleic add encoding the antigen is operatively linked to a gene expresaon sequence vA&iAi 
directs the expression ofthe antigen nucldc acid withm The**gene 
expression sequence" is any regulatory nucleotide sequence, sudb as a promoter sequence or 
promoter-enhancer combmation, inMch ferilitates the efiGcient ttansd^rtion and translation of 
the antigen nuddc add to which it is operatively linked. Tlie gene expression sequence m^, 
fcnr example, be a mamm a lian or viral promoter, such as a constitutive or nidudble promoter. 
Coi^totive mammalian promoters include, but are not limited to, the promoters fi>r die 
foUowing genes: hypoxanCbme phosphoribosyl transferase (HPTO), adeooshie deaminase, 
pyruvate kinase, P-actin promoter and oflira* constitutive promoters. Exemplary viral 
promoters which function oonstitutively in eukaryotic cells indude, for munple, promoters 
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fiom the soman virus» pe^oma virus, adaiovirus» human nnmunodefidenicy vims (HIV), 
lous sarcoma virus, cytomegalovirus, flie long terminal rqpeats (LTR) of moloncy leukemia 
virus and other retroviruses, and the thymidine kinase iHromoter of heipes simplex virus. 
Other constitutive promotBics are kno'm to those of ordinary skW Hiepiomoteis 
5 useful as gene expression seqwnces of ibt invration also include inducible pmmoters. 
Indmnble promoters are expressed in die presence ofanmdudng agent For example, the 
metallothiox&ein promoter is induced to promote transcription and translation in die presence 
of certain metal ions. Otberinduciblepromotersareknownto those of ordinary skill in the 
art 

1 0 In general, the grae expression sequence shall incltide, as necessaxy, 5* non- 

transcribing and 5* non-translating sequences involved with the initiation of transcription and 
translation, respectively, such as a TATA box, c^ing sequence, CAAT sequence, and the 
like. Especially, such S' non-transcribing sequences will inchide a promoter region which 
includes a promoter sequence for transcriptional control of the operably joined antigen nucleic 

15 acid. The gene esqiression sequences optionaUy include enhancers 
activator sequences as desired. 

The antigen nucleic acid is operatively linked to the gene expression sequence. As 
used herein, the antigen nucleic acid sequence and the gene exinession sequence are said to be 
"operably Unked" \^ien they are covalentiy linked in such a way as to place the eaqnession or 

20 tcanscription and/or translation of the antigen coding sequence under tiie influence or control 
oftfae gene esqiression sequence. Two DNA sequences are said to be operably linked if 
inducti(m of a promoter in the 5* gene e?q>ression sequence results in the transcription of the 

antigea sequence and if the natme of the linkage hetween th^. tWO ™A ytf>qii^(y|^ pot 
(1) result in the mtroduction of a fiame^hift mutation, mterfere widi the ability of the 

25 promoter s^on to direct the transcription of die antigen sequence, or (3) interfere with the 
alrifity of the cotrespondiiigRNA transcript tube transh^ Tfaus,agene 
esqpression sequence would be operabfy linked to an antigm nuddc acid sequence if the gene 
expression sequence were capable of effecting transoqition of that antigen nucleic add 
sequence sudi that the resulting transcript is translated into die deared prot^ 

3 0 The antigen nuddc add of die invention may be delivered to die immune system 

alone or in association widi a vector. In its broadest sense, a ''vector^ is any .vducle capable 
of fiidlitating the transfer of the antigen nuddc add to die cells of die immune system and 
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preferably APCs so tibat the antigen can be expressed and presented on the sut&ce of an APC. 
Pieferably» the vector transports the nucleic acid to inmiime ceUs with reduced degradation 
relative to the extent of degradation that would result in the absence of the vector. The vector 
optionally includes the above-described gene e)q>res$ion sequence to enhance expres^on of 

5 ^ antigen nucleic acid in APCs. In general, the vectors useful in the invention include, but 
are not limited to, plasmids, phagemids> viruses, other vehicles derived fix>m viral or bacterial 
sources that have been manipulated by the insertion or incorporation of the antigen nucleic 
add sequences. Viral vectors are a preferred type of vector arid include, but are not linu 
nucleic acid sequ^ces from the following viruses: retrovirus, such as moioney murine 

1 0 leukemia virus, harvey murine sarcoma virus, murine mammary tumor virus, and rouse 
sarcoma virus; adenovirus, adeno-associated vitu^ SV40-type viruses polyoma viruses; 
Epstein-Barr viruses; pi^illoma viruses; herpes virus; vaccinia vims; polio vkus; and RNA 
vims sudi as a retrovirus. One can readily employ other vectors not named but known to the 
art 

1 5 Preferred viral vectors are based on non^^topathic eukaryotic viruses in vribich non* 

essential genes have been zeplaoed with the gene of interest Nourcytopadiic viruses include 
retroviruses, the life cycle of vMth involves reverse transcription of genomic viral RNA into 
DNA with subsequmtpmviraliiitegrationizito host ce^ Retroviruses have been 

i^yproved for human gene fherq^ trials. Most useful are those retroviruses that are 

20 leplicationrdeficieiit (ie., capsblc of directing synthesis of the desired proteins, but inc^)able 
of manu&ctoring an infectious particle). Such genetically altered retroviral esqpiession vectors 
have geneacaluliUly for the Ugb-effid^icy transduction of gen^ Standard protocols 

for producing rq>lication:deficient retroviruses Oinclu^ng the stq>s of incorporation of 
exogenous genetic material into a plasmid, transfection of a packaging cell lined with pfaymi^, 

25 productkm of recombinant retrarviruses fay the packagmg cell line, collection of inral particles 
fiom tissue cuttme media, arid infection of the target cdDb wift 
Kiifi^er, M., ''Gene Tnmsfer and ExiTOSsio^ 

New York (1 990) and Muncy, BJ. Ed ''Methods m Molecular Biology,** voL 7, Humana 
Press, Inc., ClifBon, Mew Jersey (1991). 
30 A preferred virus for certain applications is the adeno-associated vhrus^ a double- 

stranded DN A virus. The adeno-associaled virus can be CTgmeered to be replication - 
defident and is cq)ableofinfectmg a wide range of oeU types and speci Itfortherhas 
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advantages such as, heat and lipid solvent stability; high transducdcm fiequendes in cells of 
diverse lineages, including hemopoietic cells; and lack of supoinfection inUUtion dnis 
allowing multiple series of transductions. Reportedly, the adeno-associated virus can 
integrate into human cellular DNA in a site^specific manner, thereby minimizmg the 

5 possibility of insotional mutagenesis and variability of inserted gene e^qxression diaracteristic 
of retroviral infection, hi addition, wild^ypeadeno-associated virus infections have been 
followed in tissue culture for greater than 100 passages in the ateence of selective pressure, 
implying that the adeno-assodatedvinis genomic integration is a relatively s^ The 
adeno-associated vims can also function in an extrachromosomal fashion. 

10 Other vectors include plasmid vectors. Plasmid vectors have been extensively 

described in the art and are well-known to those of skill in the art See e.g., Sanbrook et aL, 
''Molecular Cloning: A Laboratory Manual,^ Second Edition, Cold Spring Harbor Laboratory 
Press, 1989. In die last few years, plasmid vectors have been found to be paxticolarly 
advantageous for delivering genes to cells in vivo because of their inability to rq)licale vAibixk 

15 and integrate into a host genome. These plasnuds, however, havii^ a promoter compatible 
with the host cell, can express a peptide fiom a gene opoatively encoded within the plaanid 
Some commonly used plasmids include pBR322, pUC18, pUC19, pRC/CMV, SV40, and 
pBtueScript Odior plasmids are weU-known to diose of onlinarysldUmtte 
Additionally, plasndds may be custom designed using restriction enzymes and ligation 

20 reactions to remove and add spedficfiagmenis of DNA. 

It has reoootly been discQTvered that gene carrying pl^^ 
system usine bacteria. Modified fonnsofbacteria such as Socbmne/J^ can be 
transfected widi the plasmid and used as delivery vehides. The bacterial deliveiy vehicles 

fffl^ ^ aHfffiiniffftaf>rf to A hnst mihject orally or hy other administfatirm means- Thebacteria 

25 deliv^ the plasmid to immune cells, e.g. dendritic cells, probably by passing through the gut 
barrier. Ifighlevdsofimmune prelection have been establi^iedumgfiiisniel^^ 

The CpQ ofigcmucleolides of the invention are immune remodeling midric add 
molecules. An **inmiune remodelinB mideic arid molecule** refas to a nucleic add molecule, 
v^ch contamsanumnediylatBd ^todne-guanine dinudeotide sequence Q^e. 'X^lpODNA" or 

30 DNA contaming a 5' cytosine followed by 3' guanosine and linked by a phosfdiate bond) and 
stunidates the rqpopdation of nnmune cells. An imnumeronodelingnucldc add molecule 
canbedoiible-strandedor^i^e-stranded. Graerally, double-stranded molecules are more 
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stable in vivo^ while singl&-stranded molecules have increased inunime activity. 

A "^ucldc add"* or ''oligomicleotide'' means muhiple nucleotides (Le. molecules 
compiismg a sugar (e.g. ribose or deoxyribose) linked to a phosphate group and to an 
exchangeable organic base, which is either a substituted pyrimidine (e.g. cytosine (C), 
tfaymiiie(T) or uracil (U)) or a substituted purine (e.g. adenine Asused 
herein, the t^ms refer to oligoribonucleotides as well as oligodeoxyribonucleotides. The 
terms shall also include polynucleosides (le. a polynucleotide minus the phosphate) and any 
other organic base containing polymer. Nucleic acid molecules can be obtained from existing 
nucleic acid sources (e.g. genomic or cDNA), but are preferably syntiietic (e.g. produced by 
oligonucleotide synthesis). The entire CpG ^^oligonucleotide can be unmefhylated or portions 
may be unmetbylated but at lest tiie S* CG 3' must be unmetfaylated. 

In one prefixed embodiment the invration provides a CpO oligonucleotide 
lepiesentBd by tiie foimula: 

SWiXiCGXaNjS* 

wfaerdn at least cm nudeotide separates consecutive CpGs; X i is adaune» guanfaie, or 
thymine; X2 is cytosine, adenine, <Nrffaymine;N Is any nucleotide andN, andN2 are nudde 
add sequences oonqtosed of fiom about 0*25 N*s. 

In another embodiment ^ invention provides an isolated CpG oligonudeotide 
x eprese n ted by the formula: 

wfaeidn at least one nudeotide separates consecutive CpGs; X1X2 is selected fiom the group 
consisting of GpT, GpA, ApA and ApT; is sdected fiom the groiqi consisting of T^T, 
CpT, TpC, and ApT; N is any micleotide and Ni and N2 are nucldc add sequences ocmiposed 
of fiom about 0-2SN'8. In a prefisned embodiment N| and M^ofthenuddc add do not 
contain a CXIGOquadmer or xnore than one CXXS or OC^ In another prefoned. 
onbodiment Ae CpG oligonudeotide has the sequence S'TCN,TX|:X^CGXpi:43'. 

Prefoably the QpO olig^nmcleotides of tiie invention include X,X2 selected fiom the 
group consisting of GpT, GpO, GpA and ApA and X3X4 is selected fiom tiie group consisting 
of TpT, CpT and TpC. For fiidlitating uptake into cells, QpG containing oligcmudeotides are 
preferably in the range ofS to 30 bases in lengtiL However,nucldcadd$of any size greater 
than 8 nudeotides (even many ld> long) are capsble of mdudng ixnmune remodeling if 
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sufficient immunostimulatoiy modfe are present, since larger nucleic adds are degraded into 
oligonucleotides inside of cells. Preferred synthetic oligonucleotides do not include a CCGG 
quadmerormoretiianoneCCGorCGGtrimeratorneartheS' and/or 3' terminals. 
Stabilized oligonucleotides^ vAist^ the oligonucleotide incorporates a phosphate backbone 
5 noodification, as discussed m more detail below are also prefeired. The modification may be, 
for example^ a idiosphorotfaioate or pho^horoditfaioate modification. Prefoably, the 
phosphate baddx>ne modification occurs at the 5' end of the nucleic acid for example, at the 
first two nucleotides of the S ' end of the oligonucleotide. Further, the phosphate backbone 
modification may occur at the 3 ' end of the nucldc acid for exanople, at the last five 
10 imcleotides of the 3 ' end of the niicleic acid. Alternatively the oligonudeodde may be 
completely or partially modified 

Pre&rably the CpG Oligonucleotide is in the range of between 8 and 100 and more 
preferably between 8 and 30 nucleotides in size. Alternatively, CpG oligonucleotides can be 
produced on a large scale in plasmids, which after being adntisistered IX) a si^ 
15 degraded into oligonudeotides. 

The CpG oligonucleotide may be directly administered to the sutg ect or it may be 
administeied in conjmicticm with a nucleic add delivery coniplex. A *^uddc add delivery 
complex^ shall mean a nuddc add molecule associated with (e.g. ionically or oovalently 
bound to; or encqisulated witiiin) a targeting means (e.g. a molecule tiiat results in hi^bbor 
20 affinity biraliiig to target cdl (e.g. dendritic cell sur&oes and/dr increased cellular uptake 1^ 
target cells). Examples of nucldc add delivery conqplexes include middc adds assodated 
vnlb: a sterol (e.g. cholesterol), a Iqnd (e.g. a cationic lipid, virosome or liposome), or a target 
cdlspedficbiiiding agent (e.g. a Ugand recognized by target ceUiqsedficra Preferred 
conqdexes dbould be suffidently stable in viw> to prevent dgmficant unooi^ling prior to 
25 internalization by the target cell. However, the conq>lex should be deavable under 
appreciate conditions within the ceU so that die nuddc add is xelea^ 

Palindromic sequence** shaU inean an mverted iq)eat 0.e. a sequent 
ABCDEB'D'CB'A' in v/bixsh A and A' are bases capable of forming the usual WatsourCndc 
basepairs. A vfvo,sudi sequences may fi)rm double-stranded structures. bioneembodimeDi 
30 the CpOoUgonndeotide contains a paliridroniicseq^^ A palindnnmc sequence used in 
^ context refeis to a palittdtoxiie in which tfie CpG is part of the paliridn^^ 
is the center of the palindrome. In another embodimeottheCpO oligonucleotide is fi!ee of a 
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palindrome. A CpG oligonucleotide that is fiec of a palindrome is one in which the CpG 
diniicleotide is not part of a palindrome. Such an oligonucleotide may include a palindrome 
in which the CpG is not part of the palindrome. 

A ""stabilized nucleic acid molecule** shall mean a nucleic add molecule that is 
relatively resistant to in vivo degradation (e,g. via an exo- or endo-nuclease). Stabilization can 
be a function of length or secondary structure. Unmefliylated CpG oligonucleotides tiiat arc 
tens to hundreds of kbs long arc relatively resistant to in vivo degradation. For shorter CpG 
oligonucleotides, secondary structurc can stabilize and increase tiieir ejG&cL For example, if 
the 3' end of an oligonucleotide has self-complonentaxity to an upstrcam legion, so that it can 
fold back and form a sort of stem loop structure, then the oligonucleotide becomes stabilized 
and therefore exhibits more activity. 

Preferred stabilized oli^nnicleotides of the instant invention have a modified 
backbone. It has been demonstrated that modification of the oligonucleotide badkbcme 
provides enhanced activity of the CpG oligomiclerrtldes when nHmip i gfr ^i pp^ fa yfy^. 
constructs, including at least two phoaphorothioate linkages at tiie S ' end of the 
oligodeoxyribonucleotide in multiple phosphorotinoate linkages at the 3' end, preferably S» 
provides maximal activity and protected the oligodeo^^bonucleotide fiom degradation 1^ 
intracellular exo- and endo-nudeases. Other modified oligodeoxyiibonucleotides include 
phosphodiester modified oligodeoxyribonucleotide, combinations of pho^odiester and 
phospharofhioate oligodeoxyribonucleotide, metiiylphosphonate, meffaylphosphorotiiioate, 
pliosphon)diti)ioatie, and combinations tiiereofl EadioftiieseccnnbinationsandtiieiT 
particular effects <m iiimnme cells is discussed in more detail in copen^ 
Patent i^lications claiming pcioiify to U.S. Serial Nos. 08/738,652 and 08/960,774, filed on 
October 30, 1996 and October 30, 1997 respectively, the entire contents of x^ribidi is her^ 
iitcoiporatedlTyre&ience. It is bdieved that these modified oligonucleotides may show more 
s timulator y activity due to enhanced nuclease resistance, increased cellular uptal^ increased 
protdn Innding, and/or altered intracellidar localization. 

Botis pbospboroChioate and phosfAodiester oligonucleotides containing CpG motifi 
are active in APCs such as dendritic cells. However, based on the concentration needed to 
induce spedfic efifects, the nuclease resistant phosphorotiiioate backbone CpG 
oligonucleotides are more potent (2 /igfml for the phosphorothioate vs. a total of 90 /zg/ml for 
phosphodiester). 


wo 99/58118 


-39. 


PCT/IB99/01285 


Other stabilized oligonucleotides include: nonionic DNA analogs, such as alkyl- and 
aiyl-phosphotBS On xvhich the charged phosphonate oxygen is replaced by an alkyl or aryl 
£roup), phosphodiester and alkylpho^hotriesters, in which the charged oxyg^ moiety is 
alkylated. Oligonucleotides vAnoh contain diol, sack as tetraetbyleneglycol or 
hexacfhyleneglycol^ at either or both tennini have also been shomi to be substantially 
resistant to nuclease degradation. 

The nucleic acid sequences of the invention Nvhich are usefiil for mducing immune 
remodeling are those broadly desoibed above. Exemplary sequoices include but are not 
limited to tiiose sequsices shown in Table 1 as weU as TCCATOTCG^ 
ID NO: 47), TCCATOTCGTICCTGATGCT (SEQ ID NO: 48X 

TCXjTCQTrTTGTCGTnTGTCGTT (SEQ ID NO: 53), TCGTCGTTGTCGTTGTCGTT 
(SEQ ID NO: 89); TCGTCGTnTGTCGTTTTGTCGTT (SEQ ID NO: 90), 
TCGTCGTTGTCGTTTTGTCGTT (SEQ ED NO: 91), GCGTGCGTTGTCGrrGTCGTT 
(SEQ ID NO: 92), TGTCGTrTGTCGTITGTCOrr (SEQ ID NO: 94), 
TGTCGTTGTCXJTTGTCGTT (SEQ ID NO: 96) TCGTCX3TCGTCGTT (SEQ IDNO:97), 
TCCTGTCGTrCClTGTCGTT (SEQ ID NO: 79), TCCTXjTCGTTTTTTGTCGTT (SEQ ID 
NO:81), TCGTCGCTGTCTGCCCrrcrr (SEQ ID NO:82), 

TCGTCGCTOnGTCGnTCTT (SEQ ID NO:83), TCQTCGTriTGTCGTITTGtCGTT 
(SEQ ID NO:90X TCGTCGTrOTCGTTTTOTCOTT (SEQ ID N0:91) 
TGTCOTTGTCGTrOTCGTT (SEQ IDNO:96), TCCATOACGTTCCTGACGTr (SEQ ID 
NOilOO). GTCG(T/C)T (SEQ ID NO:101) and TGTCO(T/C)T (SEQ ID NO:102). 

Hie ability of a particular CpG oligonucleotide to induce immune system nmodeling 
can be tested in various immune ceU assays ^ch assess the stimulation index of the 
oligonucleotide. Prefend>Iy, the stimulation index oftiieC^oUgonudeotidewiQir^^rd to 
Bcenpn>li&ndion is at least about 5, preferably at least about 10, more preferably at least 
about IS and most prdbrably at least about 20 as detennmed Iqr incoip 
annmne B ceU culture, Ins been contacted with 20 pM of ODN &^ 
has been pulsed with 1 ^Ci of % uiidin^ and harvested and counted 4h late 
detail in copending PCT Published Patent Applications claiming priority to U.S. Serial Nos. 
OSmSfiSl and 08^60,774, filed on October 30, 1996 and October 30, 1997 respectively. 
For use xpt v2v£F, for emnple to induce immune Systran remodeling, it 
CpG oligonudeotide be capable of efifedively inducing producticm of APCs sudb as dendritic 
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cells. Oligonucleotides yAnch can acc€»nplish this are, for example, those oligoniicleotides 
described in PCT Published Patent Applications claiming priority to U.S. Serial Nos* 
08/738,652 and 08/960,774, filed on October 30, 1996 and October 30, 1997 respectively. 
The CpG oligonucleotides are used in one aspect of the invention to induce 

5 lepopulationofiimnunecelb and preferably APCs. An APC has its ordmary meaning in the 
art and includes, for instance, dendritic cells such as immature dendritic cells and precursor 
and progenitor dendritic cells, as were as mature dendritic cells vAnch are capable of taking up 
and expressing antigen. Such a population of APC or dendritic cells is referred to as a primed 
poptdation of APCs or dendritic tells. 

10 CpQ oligonucleotides can be administered to a subject alone prior to the 

admirustration of an antigen. The oligonucleotides can also be administered to a subject in 
conjunction with an antigen to provide an immediate antigen specific response. A second 
antigen which may be the same or di£fer^t fix>m the first antigen may then be administered to 
&e subject at least two days after the administration of CpG. The term in conjunction with 

15 refers to the administration of the CpG oligonudeotide slightly before or slightly after or at 
flie same time as the first antigra. The tennssUghtly before and slightly after mfo to a time 
period of 24 hours and preferably 12 hours. 

When flie Q>G oligonucleotide is administered in conjunction with a first antigen the 
first antigen wiUdetennine the qiecifidty of the iimnediat^ llieCpO 

20 oUgonucleotidd acts as an eflEective *^dsD%es signaT and causes the immune system to respond 
vigorously to new antigens in the area, lliis mode ofaction presumably results porixnarily 
fi:om the stimulatory local efiects of CpG oligomideotide on dendritic cells and o&er 
*^fessional^* antigen presenting cells, as well as firom ibQ co-stimulatoiy effects on B cells. 
This effect occurs immediately upon the administraticm of the CpG oligonacleotide and is 

25 distinct fiom the repopulation evem sera after about two days. 

For use in Hbexapy^ an eiSective amount of an appropriate CpG oligonucleotide alone or 
formulated as a xrodiei c acid deliv^ complex can be administered to a subj ect by any mode 
allowing ttie oligonucleotide to be taken tq> by the apprcq;niate target ceils (e.g. dendritic 
cells). Preferred nrntesofadrnimstration include bm are not 1^ 

30 via a patdb), injection (subcutaneous, uztravenous, patmtetal, intraperitoneal* intrathecal^ etc.)* 
iikkouasal, intratracheal, and muco^ An injection may be in a boluses' a contiimous 
infusion* 
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The tenn ^effective amount** of a CpO oligonucleotide lefi^ to the amount necessary 
or safiScient to realize a desired biologic effect For exanople, an effective amount of an 
oligonucleotide containing at least one unmethylated CpG for treating an immune system 
deficiency could be that amount necessary to cause repopuladon of the inmiune syston, 

5 resuMng in the development ofan antigen specific immune response upon e^ 

antigen. The efiective amount for any particidar application can vary depoiding on such 
factors as the disease or condition being treated, the particular CpG oligonucleotide being 
administered (e.g. the number of unmethylated CpG motifs or their location in the nucleic 
acidX the size of the subject, or the severity of the disease or ccmditioiL One of ordinary skill 

10 in the art can empirically determine the effective amount of a particular oligonucleotide 
TOtfaout necessitating mdue e3q)erimetttation. 

In addition to inducing immune system remodeling by regulating hematopoiesis, the 
invention relates to methods inducing hematopoiesis of specific immune cells sudi as platelets 
andeiythroblasts. Such methods are useful for treating thrombocytopoua and anemia 

15 respectively. 

TfarKHnbo^topemaisadisorderassodatedwithad^denc^lnpIatel^ Platelets* 
vAlck play an iniportant role in blood coagoladon, are derived by cytoplasmic fia gm e n t atk m 
of flie precursor stem cdls, megakaryocytes, found in bone After finmation, platelets 

leave tiie bone marrow and travel through the spleen and into the blood, with qyproxmxately 

20 one third offhe platelets beconung sequestered in fhe spleen. The platelets vAdch are 
transported to the blood, calculate for approximatdysevm to te^ Platelets v^ch are 
noimaUy p^es&at in human blood at a oancaitratioii of 1 50,000-400,000 per microliter play a 
oudal role in hemostasis, or the regulation of bleeding. Wh»flie level of platelets Ms 
below normal in a subject, the risk of hemonfaage in^ 

25 Qrdiriarilywfam the levd of dnnilafii^platd^ decreases a feedbadkmed^ 

initiated vAidk results in increased production in flie number, size, and ploidy of 
megakaryocytes. This inedianism, in tnin, causes the production and release iiitolfaB 
circulation of additional platelets. Altfaoughtibe feed bade regulation ofplatetet levels is 
ordinarily sufBdent to maintain a rmnnal levd of platelets in the drculation, several 

30 physiological conditions are capable of causing a agqificant imbalance in the levd of 
platdets. Suchoonditi(msTesdtind1hertbrombocytq>em 
caused by an increased level of platdets in fhe bloocQ. 


wo 99/581 18 PCT/1B99/01285 

-42- 

At leasit three physiological conditions are taiovm to result in tbrombocytopenia: a 
decreased production of platelets in the bone marrow; an increased splenic sequestration of 
platelets; or an accelerated destruction of platelets. In conventional iher^ies in order to 
successfully treat thrombocytopenia, one must first identify which mechanism is causing the 
decrease in platelet levels and treat the subj ect by administering a drug or ingHt iitiirg a 
procedure which will eliminate the underiying cause of the platelet loss. 

A loss of platelets due to decreased production of bone manow, may be established by 
the examination of a bone marrow aspirate or biopsy which demonstrates a reduced number of 
megakaiyo(grtes. A decreased production of bone manow may result firom myelosuppcession 
as a consequence of gamma irradiation, lh€aapeutic exposure to radiation, or cytotoxic drug 
treatment Chemicals containing benzene or anthracene and even some cnimmft^|^y dmgs 
such as chloramphenicol, thiouracil, and barbiturate hypnotics can cause myelosuHnession, 
resulting in thrombocytopenia. Additionally, rare bone marrow disorders such as congenital 
am^akaiyocytic I^ypoplada and ftnmibocytopenia with absent radii (TAR syndrome) can 
selectively decrease rnqs^i^^ocyte production, resulting in thrombocytopenia. 

Splenic sequestradon of platelets can cause an increase in spleax size. Splenic 
sequestration can often be determined by bedside palpation to estimate q)lenicsi2^ An 
increase in spleen size, or ^lenomegaly, is typically caused by portal hypertenaon secondary 
to Uver disease, splenic infiltration with tuinor cells in mydoprolife^ 
lynq>hoprolifierattve disorders, or macrcqdiage storage discnrders sudi as Gaudiers ^fs^^f^ 
Splenectomy is often used to increase platelet counts in cases of excessive sploic 
sequestration. 

Tbiombocytopeaia resulting fiom accelexated destruction of platelets is generally the 
cause of decreased levels of platel^ in tiie blood whra impaired production of bone manow 
and splenic sequestration have been ruled out The accelerated destruction of platelets is 
caused by eiflicr an iimmmolofflc disorder or a nonrimmunologic disordCT. Inmnmologic 
thnmibocytopenia can be caused, for exatiqple, by aubmrnnune disorders such as idiopathic 
fhromboqirtopenic purpura Cn?)» viral or bacterial infections, and drugs. Non-immunolo^c 
ttnombocytopeaia is caused by vasculitis, hemolytic ureiruc syndrome, tinombotic 
thrombocytopenic puipum (TTP), disseminated intravascular coagulation (DIG) and 
prosthetic cardiac valves. Cfanmic TTP is often treated with high doses of steroids, 
intravenous gamma globulins^ splenectpmyr and even immiinftgttppiyggivft Each of 
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these theiapeutic modalities provides oniy tempoiaiy relief and is a^ociated whfa serious side 
effects. Addidonally, approximately 20 percent of the chronic UP patients do not respond to 
any of ttie known treatments. 

The present invention is a method of treating dnombocytopenia m a subj ect exhibiting 
thrombo(^peoia,or at risk of developing thrombocytopenia. As used herein, 
^'thrombocytopenia'' is a disorder in which the platelet levels in the affected individual fell 
below a nonnal range of platelets for that individual. 

Thrombocytopenia includes infection-induced thrombocytopenia, treatment-induced 
thrombocytopenia, and physiologically-induced thrombocytopenia. Infection-induced 
thrombocytopenia is a disorder characterized by a low level of platelets in peripheral blood 
v^ch is caused by an infectious agent such as a bacteria or virus. Treatment-induced 
thrombocytopenia is a disorder characterized by a low level of plate] ets in peripheral blood 
which is caused by therapeutic treatments such as gamma irradiation, ftenipeutic eaqiosuxe to 
radiation, cytotoxic drugs, diemicals containing benzene or atrtfaiacene and even some 
commonly used drugs such as chloramphenicol, fhiouradl, and barbiturate hypnotics. 
Physiologically-induced thrombocytopenia is a disorder characterized by a low level of 
platelets m peripheral blood which is caused by any mechanism other than infectious agents 
or ibmyeutic treatments causing tbrombo^topenia. Factofg ganfriing physiolffgicnlly- 
iiidttced thrombocytopenia indude, but are iiot Hinited to, rare b^ 
congenital am^akaryocytic hypoplasia and tfarombocytxypema widi absent radii CTAR 
syndrome), an increase in spleen aze, or splenomi^y, caused by portal hypertensdcm 
secondary to liver disease, or inacnqihage storage disorders such as Gandi^ 
autoimmune dismdm sodi as idiopathic tfarombocytopadc purpum ^TP), vasculitis, 
hemolytic uremic qmdrome, timunbotic timmibo^penic purpum (TTP) disseminated 
iixtravascular coagulation CDIC) and prostiietic cardiac valves. 

A sulgect having tfarombocytop^a is a subject having aiQr type of th^ 
In some embodiinents tiie sid^ect baviiig throQibo^topenia i 
diemotheiupeutic induced thrombocytopenia. A subject having non-diemotfaerq)eutic 
tfarombocyt(q)enia is a sulgect having any type of fhn»mte 
imdergoingdbemolherapy. In other embodirnents the subject is a subject having 
cfaemo tfa erapeutic induced tbDombocytopenia, which indudes any sutg ect having 
thrombocytopenia and bdng treated with chemotherq)eutic agents. 
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As used herein, "a subject at risk of developing thrombocytopenia" is a subject vAio 
has a high probability of acquiring or developing thrombocytopenia. For exaiiq)le, a patient 
with a malignant tumor who is prescribed a chemothenqpeutic treatment is at risk of 
developing treatment-induced thrombocytopenia and a subject vho has an increased risk of 
exposure to infectious agents is at risk of developing infection-induced thrombocytopenia. 

The invention in one aspect is a method for increasing platelet counts in a subject 
having thrombocytopenia or subject at risk of developing thrombocytopenia by administering 
to the subject an oligonucleotide, having a sequence including at least the following formula: 

S'XjCGXjy 

wherein the oligonucleotide mcludes at least 8 nucleotides wherrin C and G are unmethylated 
and wherdn X| and X2 are nucleotides* in an amount effective to increase platdet counts in 
the subj ect or in an amount effective to prevent a decrease in platelet counts ordinarily 
expected under platelet-dqfleting condxtions in the sulject when the sutgect is exposed to 
platelet-depleting conditions. An amount effective to increase platelet counts in the subject is 
an amount i^ch causes an increase in die amount of circulating nrheactual 
levels of platelets achieved will vary depending on many variables such as the initial status of 
the immune system in the stAg ect, i.e., vdiedier the subj ect has mild to severe 
thrombocjrtopenia (e.g., resulting fiom an autoimmune disease or splenic sequestration). In 
general, the platelet levels ofa subject who has severe tiironal)ocyt(q)€aiawiUmitiaUy be veiy 
low. Any hvn?ease in the platelet levekofsudb a subject, even 
stiUbdowanonnalleivd, can be advantageous to tiie subject 

Ihe platelet levels of a subject at risk of developing timmibocytopenia, on Ae other 
hand, are goierally within a normal range. The oligonucleotide prevents fiie platelet levels of 
such a subject fiom decseadng to a level whidi would ordinarily occur when flie subject is 
exposed to the ooiiditioncammgftiombocytopema. Thus, administering the oligonucleotide 
to the sulgect win inhibit to a medicaUy significant exte^ 

would otherwise occur in tfie absence oftreatment according to tihe invention ti^^ • 
ptev^xtmg the development of tfarombocytcq>enia to the extent that would ordinarily occur 
vidien the subject is exposed to the condition causmg thrombi Fkefeiably the 

effective amount b one which prevents platelet levels fiom decreasmg below a level of 50.000 
platelets per microliter. 

An effective amount of an oligonucleotide fat mGceasing platelet levels may be 
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measured by any conventional method known in &e ait for measuring platelet levels or for 
measuring parameters '^ch correlate mth platelet levels. Platelet coimt is determined 
simply by obtaining a blood san^)le and counting the number of platelets per microliter of 
blood. Platelet levels also can correlate with bleeding time. 

S The inventi(m is i^rdcularly usefid for the early treatment of thrombocytopenia after a 

thrombocytopenic triggmng event As shown in the examples below, v/bsn a subject e^qxised 
to a thrombolytic triggering event is administered a CpG oligonucleotide the subject has an 
increased platelet count compared to a subject exposed to the thrombocytopenia triggering 
event but not treated with a CpG oligonucleotide. The response is particularly ^gnificant in a 

10 short period oftinieafterthe subject is e)qposed to the triggering ev^ Forexample^a 
signifiomt increase in platelet counts is observed after four days. 

Anemia is a blood disorder associated with a decrease in levels of red blood ceils or 
exyfhrocytes. Erythrocytes are derived from the same uisdifferentiatedprogeoitor celling 
bonemaiiowasplateletSyiefCTedtoasthepluripotentstemcell. The pluripotent stem cell 

1 5 can generate an eiydu»id burst foxming unit wUdi can in turn form an eiydnoid colony 
formingunit lliese celk eventually diffetentiate into eiyflm>blasts, f^ 

In one aspect fhe invention is a metfiod for treating anemia by adnunistering to a 
subject havii^ anemia an oligonucleatide, having a sequence including at least tiie following 
fomnila: 

20 yXiCGx^y 

vtAierein the oligonucleotide includes at least 8 nucleotides viieran C and O are unmeOiylated 
and wfaearein Xg and X3 are nucleotides» in an amount effective to induce erylfaropoiesis in the 
subject 

The amount of erythmhlagta w| a gubject tisn[\ b^ gf^e^?^ by measnring fee number of 
25 eiytibroblasts in bone marrow or by measuring the amount of eiythrocytes in peripheral blood. 
The assay involving the measurement of erythrocytes in peripheral blood is more convenient 
and provides reasonable conelation to the nnmber of eiytbroblasts. 

"Anemia" as used herein refers to a disease in which there ig a Inieg in number of ml 
blood cells and/ or hemoglobin concratration. An anemic subject usually experiences a 
3 0 reduction in blood cell mass and a corresponding decrease in tiie oxygm carrying capmty of 
theblood Many types ofunderlying disease cause anemia. Tliese are discussed in extenave 


wo 99^118 


-46^ 


PCTyiB99/01285 


detail in Harrisons, Principles of Internal Medicine; Ed. Isselbacher et al; 13tli edition; 
McGraw-Hill Inc» New York, 1 994. Anemia includes, for instance but is not limited to, a 
drug-induced anemia, an immunohemolytic disorder, genetic disorders such as 
hemoglobinopathy and inherited hemolytic anemia; inadequate production despite adequate 
5 iron stores; chronic disease such as kidney fiulure; and dironic inflammatory disorder such as 
rheumatoid arthritis. 

As d&scussed above, a subject includes human and nonhuman vertebrates. In addition 
to the treatment of human thrombocytopenia and anemia, the invention is useful for treating 
nonhuman platelet and other blood cell disorders. For instance, the most common canine 

10 immune-mediated diseases include immune-mediated lipolytic anemia and umnunC" 
mediated tinombocytopeniaCTTP). Both oftfaese disorders are triggered by antibodies tiiat 
attack red blood cells or platelets, respectivdy. The antibodies cause destruction of tiie cells 
leading to depletion ofred blood cells or platelets. These disorders can be life tfazeatenmg in 
dogs. Thus»tiieiiwention contemplates tiietieatment of canine 

IS discndeis tinough the administration of CpO oligonucleotides. 

One metiiod for assessmg anemia in dogs is by detennining blood cell counts. Alow 
Padked Cdtt Volume (PCVX wfai ch can be assessed with a sioqple hematocrit, is indicative of 
aoemia. TlienomEialPCV for dogs is 40-59 and cats is 29-50. In severe cases of anemia, the 
anirnalgeneraUy has pale membraries in its inoulh and qspears weak Anemiascan 

20 be classified as either regenerative or non-regenerative. In regenerative anemia, an animal is 
cable ofiespcNMiing by itleash^iiewfettcdo^tes into tl^ Innon-regeneiative 
anonia, there are iio or very few iimxiatuie RBC's in the sample aiid the bo^ 
lose red blood cells but no new ones are produced. The invention is useful for treating botii 
types of anemia but is paiticuktriy useful in treating non-reg^nerBtive anemia. 

25 The actual number of RBCs in a given quantity of blood of an animal may also be 

measured. The red blood ceU count is measured as an actual number ofcdls found in a 
ndoDliterCml). Although each laboratory has tiieir own set of "normal" ra^ 
count, the average is 5.6-8.7 x 106 RBCs per microliter for do^ and 6.1-11.9 x 106An I for 
cats. The nmnber of red blood cells inay also be assessed by quantifying the amount of 

30 hemoglolnn present. The normal hemoglobin levd for a dog is 14-20 grams^dedliter and 
9-lS.6g/dl for cats. The noiinal hematology values for dogs and cats are presented in the 
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TaUe below. 



Normal Hematology Values for Dogs and Cats 


Unit 

Canine 

Feline 

5 

Hematoaita^% 

40-59 

29,50 


Hemoglobin g/dl 

14-20 

9-15.6 


Red BloodCell Comit 
xl06/knl 

5.6-6.7 

6.1-11.9 

\VIute Blood Cell ComlAn 1 

6,000-17.000 

4,900-20,000 

10 

Neottoidiils^ii 1 

3,000-12,000 

2,500-12,500 


Lyniphocytes/m 1 

530-4,800 

1,500-7,000 


Monocytes An I 

100-1800 

0-850 


Eosinophils/in 1 

0-1,900 

0-1,500 


Basophils fml 

<100 

<100 

!5 

1 PlatdetsAnl 

145-440 

190-800 1 


Hoises al^ develop hematopoietic disorders sach as anemia One anemic condition 
that horses develop is an exendse induced increase in the nmnber of crenated or spiculated red 
blood cells as described in US PatoitNo. 4,500,530. The red blood cell spiculation results in 

20 destruction offlie cells leading to sports ai^mia. The methods of&e invention may be used 
to treat or prevent this disordg in animals undergoing exercise. For instance, horses may be 
administered CpG prior to or aft^ a race to prevent or treat anemia. 

The CpG oligonucleotide \isefal acc(»ding to the methods of the invmtion is the CpO 
oligonucleotide described above. The preparations oftheinventi(m ate administeacedtn 

25 ^Cective amounts. An effective amount of an oligonudeotide is that amount tbat^l alone, 
or tog^hff vnOi further doses, desirably modulate platelet or eiytfaioblast levels such as by 
increasii^fliedrGulatmglevd of platelets or efythrobl^ It is believed tiiat 

doses lansng from 1 nanogram/kilogram to 100 milligrams/kjlogmm, dgpending lyp^n 
mode ofadmitustFation,iwill be effective. The preferred range is bdieved to be between 0.1 

30 and 10.0 mg/dose, particularly if given sobcutaneously. More preferably, flie amount is in the 
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10 


IS 


range ofO.5- 1.0 mg/dose. Prefeiddy>eeffijcthre amount is admim^^ 
Preferably, the effective amount is administered every day to cveiy thirty days and, mare 
preferably, every fivetofifteendays. TTiis regimen can be mamtainedforiq? to six monlhs to 
one year, or even fbs life of a sulgect In one embodiment, the effective amount is 
(uhninistered once weekly for up to fifty-two weeks; more preferably, for up to thirty4wo 
weeks, and even more preferably, for fonr to fourteen weeks. Hie absolute amount will 
ctepend upon a variety of fectors (inchiding whether the administration is in conjunction wifli 
oQier methods of treating thrombocytopeniJi or anemia, the number of doses and individual 
patient parameters mduding age, physical condition, size and weight) and can be determined 
wilhroutineexpernnentation. It is preferred generally that a maximum dose be used, that is, 
the lughBSt safe dose according to sound medical judgmecL 

In anofljer embodiment, after a period of admmistration of the oligonucleotide, the 
Ihenqjy is discontinued fbr four to 52 weeks and restarted. Even more preferred, the ther^ 

is restarted after eight to fourteoi weeks. 

The ftnmnlations of flie invention are administered in pharmaceudcally accqptable 
solutions, vMck may routinely contain pharmaceutically acceptable concentrations of salt, 
bufiEbdng agents, preservadves. conqwtible carriers, adjuvants, ar^ opti<»ally o&er 


The CpG oligonndieotides and antigens may be admmistered psc S£ (ueat) or in the 
20 form ofapbarmaceuticaUy accqptable salt Whoi used in medicine^ salts should be 

pharmaceutically acceptable, but noiHpbannaoeutically accqrtable sahs may convemently be 
used to piq>arephaimaoeuticallyaccqitaUe salts tibereoC Sudi salts inchide, but are not 
Ihnited to, those prepared fitmitiieffdlowing adds: l^dtddiloric,lqrdrobioinic, sulphuric, 
idttic, phosfdioric maldc, acetic, salicylic, p-tohtene sulpihonici tartaric, citric, mettiaiie 
25 sulphomrt IVnrie, itialtmie, sncdnie, naphftialei»-2-sulphanic and benzene sulphonic. Al80j» 
sudi salts can be pre|fflred as alkaline metal or alkaline earth salts, sudi as sodinm, potassium 
or caldnm salts of ^ caiboxylie add gioup. 

SuitaUebufferii« agents indudK acetic add and a salt (1-29& w/v^ dtiic add and a 

salt (1-3% w/v); boiie add and a sah (0J-2J% w/v); and phosphoric add and a salt (0.8>2% 
30 w/v). Suitable pRservadve8indudebeii2ia]konhmidilaride(0.0(B-0.03%wAr); 
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chloxobutanol (03-0.9% w/v); parabeos (0.01-025% w/v) and tbimerosal (0.004^0.02% w/v). 

Hie phaxmaceudcal compositions of ^ inveDlioii contaui an dEfective amount of a 
CpG oUgcmudeotide and antigens optionally included in a phannaceutically-acceptable 
carrier. The torn "phannaceutically-acceptable canier^ means one or more compatible solid 
5 or liquid filler, dilutants or mcapsulating substances ^ch are suitable for administxati(m to a 
human or other vertebrate animaL 'nieterai"canier^ denotes an organic or inorgdnic 
ingredient, natural or synthetic, with \)s4ucA to 

application. The components of the pharmaceutical compo^ons also are csfMo of being 
commingled wth the compounds of the present invention, and vdfli each otfier, in a manner 
1 0 such that there is no interaction which would substantially impair the denied pharmaceutical 
efficiency. 

Compositions suitable for par^steral administration convenimtly conq?rise stmle 
aqueous prqwnations, which can be isotonic with the blood of the recipient Among the 
acceptable vehicles and solvents are water. Ringer's solution, and isotonic sodium chloride 

15 solution. In addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be employed including 
synOieticmono-ordi-glycerides. In addition, &tty acids such as oleic acid find use m the 
preparation of injectables. Carrier formulations suitable for subcutaneous, intramuscular, 
intr2q)eritoneal, intravenous, etc. administrations may be found in Remington's Pharmaceutical 

20 Sdmces, Mack Publishmg Company, Easton, PA. 

The oligonucleotides or antigens useful in tiie invention may be delivered in 
nuxturesofmore than one CpG oligomicleotide or antigen. A mixture may omsist of several 
CpG oligonucleotides or antigens. 

A variety ofadministiation routes are available. Hie particular mode selected will 

25 depend, of course, xxpon tiie particular CpG oligonudeotide or anti^ selected, the particular 
condition being treated and the do8agieieq[iured for tlieiqieuticefB^^ Theme&odsoftfais 
inventiori, generally spealdng, may be practiced using any mode of aA 
medically acceptable, meanhig any mode ibat produces efifective levels of an immune 
lespcmse without causing clinically unacceptable advoseefifects. Pr efe rred modes of 

30 administration are discussed above. 
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The compositions may cotrvaiiently be presented in unit dosage fonn and may be 
piepaied by any ofthe methods weU known in the art of pharmacy. All methods inctade the 
step of bringing the compounds into association wifli a earner whidi constitutes one ot more 
accessory ingredients. In general, the compositions are prepared by uniformly and indmately 
bringing the compounds mto association with a Uquid carrier, afinely divided soHd carrier, or 
both, and ften, if necessary, shsqjing fbe product 

Other delivery systems can include time-release, delayed release or sustamed release 
deUvery systems. Sudi systems can avoid repeated administrations of the compounds either 
CpG or antigen, increasing convenience to the subject and the physician. Many types of 
release deUvery systems are available and known to fliose of ordinary skiU in the art Hjey 
include polymer base systems such aspoly(lactide-glycoUde), copolyoxalates, 
polycaprolactones, polyesteramides. polyorthoesters. polyhydroxybutyric acid, and 
polyanhydrides. Nficrocapsules of die foregoing polymers containing drugs are described in, 
fi» example, U.S. Patent 5,075,109. DeUvery systems also include non-polymer systems that 
are: Hl»da indodiog sterols such as cholesterol, cholesterol esters and fetty adds or neutral 
&ts siich as mono- di- and tri-glycerides; hydrogel release systems; sylasdc systems; peptide 
based systems; wax coatings; comptessed tablets usmg conventional bmders and exdpients; 
partially ftised implanls; and the Hke. Specific examples mdude, but are not limited to: (a) 
erosional systems to wMdi an agent of llie invention is contained in a form wito 
such astiiose described in U.S. Patent Nos. 4,452,775, 4,675,189. and 5,736,152, and (b) 
<«fR«ional gysiems in an active cmaagKmenl permeates at a controlled rate from a 
polymer such as described hi U.S. Patent Nos. 3,854,480. 5,133,974 and 5.407,686. In 
addition, punq)*ased hardware delivay systerna can be used, some of v*idi are adq^ 

inqilaulalion. 

25 ThepreseotimreotionisfintiietiUttstratedbytiwfoltowingE]^^ 

way diould be construed as fiotfaerluniting. The entire contents of all of die lefeiaices 
Ondudmg literature references, issued patents, published patent q>plicati<His, and co-pencBng 
patent qipUcations) died throughout tins q)pUcation are heiel^ 
reference. 
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y;yampleg: 

Example 1: CpG Oligonadeotides Induce Hematopoiesis. 

Mice. Female C57BL/6. BALB/c, CBA/J, C3H/HeJ and SCID mice were pmichased 
5 ftomHaiianWiiikeImami(Boiohen,GcrmanyX Charles Rw^ 

Bomholtgani Breeding and Research Centre Ltd. (Ry, Deranark). All animals were housed in 
specific paAogen-fiee conditions and were used at 8-12 weeks of age (18 to 21 g of body 
weight). 

Tbsues and edls. Femurs and spleens were aseptically removed and collected into 
10 icfrcold mouse tonicity PBS. Single ceU suspensions were prepared and clumps were 
lemoved using a 100 jun pore size filter (Falcon, Becton Dickinson, Heidelberg, Germany). 
For the depletion of B O220 positive) and T cells (CD4 or CD8 positive) cells, spleen cells 
were incubated with magnetic beads coated with the respective antibodies allowing negative 
selection of the sidenic non B and non T ceU portion (Dynal, Hamburg, Germany). Efficiency 
15 wascheckedl?yFACS<inalysis,yieldingk<5%B220and<3%CD3positivecellsafter 

deletion. 

. MierobbUttimuUandiyttauaieiaigottudaaides. Phosphorotiuoate-stabilized 
oUgonucleotides(ODN) were synthesized by TifaMoffiiol (Berlin, Germ^ ODN 
seqnoices *CGr (= ODN 1668, craitahung a 'CXS-niotif marked witii bold letters: 5'-TCC- 

20 ATG-ACG-TK>CK^ATG-CT)(SEQroNO. 24) and control GC^DNCinv^ 
ODN 1720: 5'-TXXVATG-AGC-TTC-CrG-ATG-CT)(SEQIdNO. 106) were taken fiom 
Kiicg. AM etal. (1995) Nature 374:546.549. A second CpGODN *CG2' (= ODN lL12p40: 
S'-AGC-TAT-GACNGTT-CCA-AGG) (SEQ IDNO. 107) and control ODN *nCG' Ctuta- 
CO» = ODN API, wifliDUt CGHDotif: S'-GCT-TGA-TGA-CTD-AGC-CGG-AA) (SEQ ID 

25 NO. 108) W8«s described lecenlly. Lipford.GBetaL (1997) Eur J Immunol 27:2340-2344. 
LPS fiom £coft was pmdueed fiom Sgma Munich, Gennaoy). Lb^riamomxyUt&nes 
came fiom ATCC (American type cuhnre collection aliain 4325 1) and were grow^ 
hear infi]8ion01}ifco, Detroit, USA) in oveiiught cultures. Number of bacterb was de termine d 
by OD(oe and checked liy plating 10 (ilaliqiutsof aseiial 10-fi>ld dilution on Columlna blood 

30 piattta Mid eomrting the colony fiaming units after overnight i n c ubation ait 37°C. 

Traiimmtofndee. Q[)G.ODNwaeii9ectedhxtiqperitoiieaUyOLp.)inlowendotoxm 
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aqua ad injectable at 1 -50 nmoVmouse. LPS was used at 10 ^gto^0IIse. Negative control mice 
received injections with aqua ad injectable alone. Sublethal iiiadiation of mice (4 Gy) were 
perfonned using a «Co irradiator (BucWer, Braunsdiweig, Geimany). For induction of 
ovalbumm (OVA>specific cytotoxic T cells liposomes containing OVA were prepared as 
5 described. Lipfoni, GB et al. (1994) Vaccine 12:73-80. Inocula containing liposome- 
entrapped OVA with QuilA as adjuvant was injected in the hind footpads of C57BIV6 mice 
and 4 days later draining lynqjh nodes were harvested. The lymph node cells were cultured 
for 4 days with 10 U/ml recombinant (r)n/-2 and GTL assays were perfonned as described. 
Lipford, GB ct al. (1994) vkcdne 12:73-80. For Listeria infection 2.5-5x10* Listeriafmojise 
10 v^inoculatedhitraperitoneaUyinavohmieof300^1ofbiainheartmfusionm^ 

inadiated mice (4 Gy) at day 14 post irradiation and survival was recorded for the followmg 
SOdjqrs. ODN.protectedmicereceivedlOnmolCpG-ODN(CGl)within30minutesafter 
imdiation i.p., control mice were modc-treatcd (mjection of aqua ad injectable). Each 
ejqwimentperfbnned had 3-10 mice per group per time pomL 
15 Histopatkobgy. At various time points post ODN-mjection mice were kiUed by CO, 

B^byxiation. Sdected tissues, inchiding spleen, liver, lymph nodes and bone marrow were 
removed. For deteraiination of q>lenomegaly, organs were trimmed of fit and contiguous 
tissues and wd^itBd. The organ/body weight ratios were calculated. Tissues processed for 
micnscopic evahialion were fixed hi 10% neutral buffered fiMmalin, embedded in parafBn, 
20 sectimi (5 |m» sedioosX mounted on slides and stained with hematoxylm and coan (HE). 

(^yO^tbus. A purified prqwaation of marine (ma) reccan W nart (r) kit ligand OnsKL) 
vn& Idndly prowded by Dr. R. Mmlhammer (GSF-Porsdu iu gsaai Im m, Munich, Qennany). It 
hadbeene>qpressedui£co/landprarifiBdbyafBni^chromatogniiliyM Murme 
reconibhiant interieuldn 3 GL-3) was produced by X63 Ag8-653 myelmna ceUs tiansfected 
25 widiielioviialveeirascaiiying tin mouse n<-3 gene. In dunMemi proliferation assays with 
cytddne-dqpendent indicator cell fines, a final con c eiUiatian of 1% (vAr) X63A^-653 
■ snpenoottantequaledlheefifoctof lOngAnlpnrifiedinalL-Soblafaiedfi^ 
Biodiemica (Heiddberg, Germany), Murine recombmant GM-CSF was a kmd ^ fiom 
Inmranex (Seattle, WA, USA). Human rIL-6 was obtamedfimnGen^yme (Boston, MA, 

30 USA). 

(^iOHtyiaahnofGM'CFU. Individual q>leen cell sanqdesfinm mice were analyzed 
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for GM-CFU by a soft ag»r colony assJ^ as described previously. Staber, FG el aL (1982) 
Nature 298:79-82. In briei^ the deared number of qpleencelb (final co(W*n^ 
3x10* to 1x10* per ml) was added to flie agar mediuni mixtniB and 1 ml was added m 

tripUcate to 35-nim-diameter culture plates (Gtemer, NQrtingen, Germany). Prior to ceQ 
5 plating a saturating amount of a pre-testedcocktaU of myeloid ceU growth promo 

cytDldnesinchidingmurhisKL,murIL-3 andrOM-CSF (50 pl/jplate, respectively) bad been 
added to the plates corresponding to final concentrations of 500 ng/ml MsKU 5 ng/nd I^^^ 

and 25 ng/ml GM-CSF. After gelling of tbe agar medium at A'C the cultures were incub^ 
fi>r7d^at37"Cinafiillyhumidifiedatmosphereofl0%CO2inair. CeUular aggregates 
10 containing at least 50 cells were scored as colonies. 

BFO-E Assays. A commercially available (CellSystems Biotechnologie Vertrieb 
QmgH, Rcmagen, Germany) culture medium composition (MethoCnlt™ HCC.3340) was 
used whidi contained 0.9% methylcelhilose in alpha modified Eagle's medium. 30% foetal 
b(whie senmi 1% BSA, 10^ M 2-mcrcaptoethanol, 2 mM Irglutamine and 3 umts/nJ r hunm 

15 (to) ayflnopoietin. To this medium (2.7 ml/tube) 03 ml ccU suspension was added 

^^CTi ^ in g 13^10*^1 ^leen cells. The culture medium was fiirflier complemented with 100 
lamurbisKL (slock: lO|igAnl)» 100 jilmarIL-3 (stock: 1 |igAnl),and 100 MlharIL-6 
(sto^ 100 DgM) and careMy mixed widi a syringe fitted wifli a 1.4x40m needle. This 
resulted in a final eoaeeiilratio& of 3 |ig/M hidCL, 3 ng/bl mu T 11^3 . 3 ng/h^ 

20 4x10*Ad1 spleen ceUswfaidi were plated in tciplieateafiq^ts of 1ml per Petri dish (C^^ 
TJitf ttfigMi, ftermany). Growdi ofeiytfinridcolonies(< 50 hemogloUn containing cells) was 
scored after an incid»fioa period of 9 di^s at 37"C in a humidified Btmoq;ihere containi^ 
10%COiinair. 

Di^ll CFU-Assa^ Sjdeen colony fimning units (CFU-S) were measured by die 
75 macn)seopieq>leencoloi^ assay of nu and McCullock Female C57BL/6 mice at tite age of 
12 weeks were iinuliBtBd widi 8 Oy (^Cs), a potentially ledid dose ixduch was fi)U^ 
no ffyn p«rtiftn rfendogmona mfliapscopic spleen colonies. Wifiun a period of I to 4 hours, file 
inn^fltM "we* wftta anaesfliefaEd wiA dieflrylether and injected into fi>e retro-orlMtal plexus 
with 2.5x10' q)leen cells^ |ilAnouse derived fiom individual mnmal C57BL/6 mice « 
30 fiom idee saoifioed 6 days after i.p.treatineni with 10 mnol/ouniseCpC-ODN (5 mi» 
treated widiCpO^DN or vdiicle, respectively). Each donor spleen suspendon was ixyected 
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into 5 irradiated mice. Heven days ate transplantation, redpieat mice 

spleens were excised and placed in Bonin's fixativB to deteraune tiie number of macroscopic 

visible spleen colonies. 

Fhfw Cytometry. Cells (SxlO'- 10^ were washed in PBS containing 2% FCS and 
5 incubated for 10 min at 4"CvdthantiFcYim/ra antibody torn PharMingen(l^^ 

Germany) to block unspedfic Wnding of flie following antibody reagents. Monoclonal 

antibodies (mAb), used at 5-20 jig ml, including mAb against B220. CD3 Mac-1 and GR-1. 

FTTC and PE-labeled Antibodies were purchased from PharMingen (Hamburg, Germaajr). 

Isotype controls included purified rat Ig02a, rat IgG2b, and Hamster Igq (all Pharmingen). 
10 Between all incubation steps (30 min. 4''C), cells were washed with PBS/FCS. FACS- 

Analysis was performed on a Coulter Epics XL flow cytometer (Kiefeld, Germany), acquiring 
10.000 events. FACS data were analyzed uang WinMDI 2.6 FACS-software. 

BESSLXS. 

15 C^G^DN cause tnuuientsplemau^fy. Mice diallaigedLp. with ODN display a 

dramatic splenomegaly (Fig. 1). Kinetically, spleen weight increases to apeak at day 6 and 
sobsequenily nonnalized. As detailed in table 8 column (aX injection of CPG ODN (CGI or 
CG2) significantiy induced splenmn^lbr, vtoeas in control nonrCpO ODN iiyected animals 
qileens were not agnificandydi£EBmit for mock injected animals. Tbusmurine 

20 iplaKim^ywasiiiducedinaCpOinotifdq)endentinannerandpeakedatday6post 

iqjectiQiL 

Fig. 1 shows the kinetics ctf increased qdeenwdghtii^uced by CpG-ODN. CpG- 
ODN(C01)wasiigectedooceLp.atd^O(10nmol/monse). Spleoos were removed at day 0, 
4,6andl2,trimDiedofcoatiguoii8tissuesandwdgbed. Organ wd^ is presented as spleoa 

25 wd^(mg^totalboc^wei^^(mean8vaiuesofSCS7BL/6naGepergroi9dbSD). 

ODN has been diown to induce B ecu pitdifeiation wilb a inaxin^ 
di^s 1-3 post diallenge. Mdn^KWetaL (1993) Antisense Res Dev 3:309-322; Bzanda, 
RFetal. (1993) BiochemFhannaool 45:2037-2043. We thoefore addressed tiie question of 
vAetfaertiiBobsavedqilenom^afy was due to ODN induced Bcdlmib^eiucity. CeU 

30 sur&cepheno^png of q>lenicodIs by FACS-analysis revealed tfiat the absolute fireq^ 
B220 poative ceDs (used as B cell mariter) was only marpnally increased Q^ig. 2). Tbemost 
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dramatic eflfert obsCTved howera was a iransiml 

B220-CD3 double negative compartment Histolo^caUy» an increased nomb^ of large 
immatuie blasts and eiytbioblasts vm delect 
hematopoietic activity. 

5 Fig. 2 shows changes in phenotype of spleen ceDs after stimulation witii Q)&ODN. 

CpO^DN (CGI) was injected once i.p. at day 0 (10 nmolAnonse). Spleens were removed at 
indicated time points andPACS-stained for B220/CD3 and GR-l/N^ (double stainings). 
Incr^se of absohite cdl number is jnresented as fector over day 0 control spleen cells (mean 
values of 3 individual C57BL/6 mice), 
10 Splenomegaty is associated y^extrantedtiUar^ In contrast to 

humans, mice display a basal hematopoietic activity in the spleen, Morrison, SJ et al. (1995) 
Anmi Rev CeU Dev Biol 1 1:35-71. To analyze v^efliex CpG-ODN induced sploiomegaly 
correlated with increased splenic hanato]K)ietic activity, we measured the xwmbw of 
granulocyte-macrophage progenitor cells (GM-CFU) in spleens of CpQ ODN treated mice. 
IS There was a 7.4-fold increase in splenic GM-CFUnumb«ts at day 6, refl 

total q)leen cell number (Rg. 3 A, 3B). We also analyzed the induction of GM-CFU in bone 
marrow fiomtieated mice. There was a digjit increase in the numbw of GM-CFU m bone 
manow (day 4) that preceded tiie splenic increase at day 6, as if mobilization of bone-marrow 
derived progenitor cells to the spleen mi^ have takm place (Eag.3C). In addition, we 
20 enriched by immunomagnetic separation the B220/CD3 double n^ative cell faction from 
day 6 spleens of CpO or non-C^ treated nuce and t^ted for GM-C^ These 
cdUisweresfaowntobeh^yenridiedformydoidpn>genitarcel^ Ihustfae 
dramatic mciease of ttie nonrB, nox^T cell fiaction at day 6 post CpGODN injection was 
accompanied by an increased number of OM-CFU witiiin tiie spleen. 
25 Fig. 3 shows QKK)DN induced dianges in splenic cell number, nundw of splenic 

andBMGM-CTU. A: Kinetics of CpOODN (COl) mduced changes in q)le^^ 
(mean values of 3 C57BL/6 mice per time point ±SD). B:Evalualicmofhemat0p(rietic 
progemtaerceUsinthesplerasofCpGODN-treatedmioe. Graph display number of GM-CFU 
per ^leen per time point (irieanvahiesoftripUcateq)leenceUcuhnres of 3 mice ±SE^ C: 
30 Frequency of GM-<7U in pooled bone-marrow cells fiom 3 mice pCT D: 
Inoeased number of GM-CFU in B22Q/CD3 double negative spleen cell fiaction. Spleen 
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cells fiom 4 non-treated C57BU6 mice and 3 CpG-ODN (CGl>injected mice (± SEM) were 
pooled at day 6 post i.p. injection. A portion of these cells was depleted for B22(M-, CD4+ 
and CD8+ cells and both non<lepletBd and depleted (d) spleen cells were analyzed for GM- 
CFU by soft agar colony assay. 
5 Hie induction of splenic hematopoiesis was CpG-DON dose and sequence dependent 

(Pig. 4, also see Fig. 3D, table lb and Ic). Sequences lacking the •CpG-motif (nCG) failed to 
induce e>ctrainBdullary hcanatopoiesis and CG inversion (GC-ODN) almost completely 
aboUshedlbehematopoieticcEfectoftheODNCGL Single shot injection of CpGODN also 
compared wdlwifli the documented hematopoietic activity trigger^ Apte, 
10 RN et al. (1976) J CeU Physiol 71-78; Apte, RN et al. (1976) Exp Hematol 4:10-18; Staber, 
FG ct al. (1980) Pioc Natl Acad Sd USA 77:4322-4325. In addition to the granulocyte- 
maooidiage progenitors, the number of pure crythroid progenitors post CpG ODN injection 
was also increased as dcteraimed by the number of Burst-forming Units 03FU-E) per spleen 
Q^ig^S). Atyaly gis of peripheral blood ovct 12 days revealed no sigBflficant changes qpart jftom 
15 a transient leukocytosis at day 2-4. Ilms the tranaieDtq>lenom%aly observed in ssDNA 
injected mice vm CpQ motif dependent and associated extramedullaxy hematopoieris. 

Fig. 4 shows a dose titration of CpO-ODN. 3 BALB/cmice were injected witiiCpO- 
ODN (CGI) at different concentrations (1, 10 and SO nmolAnouse, grey bars) or LPS (10 
|igAnouse» black bars), solvent (aqua ad iigectable^ white bars) and GC-ODN (dark grey bars) 
20 searved as n^fltive controls. Inoreasednumbosofspleen cells and GM-CFU per spleen 
(mean values ± SEM) induced by CpG-ODN were measured at day 6 post injection. 

Fig. Sdiows an inoeasednumbCT of BFU-E induced IqrC^-ODN. Spleen cells of 
mice treated witii ODN CGI (Uack bars) or solvent control (aqua ad mj ectable» white bars) 
were plated in a metiiy lcelhilose*ba$ed colony assay at day 6 post injection and scored fiir 
25 growtii of hemojg^obin^containing eiytbroid colonies after an incubation pcdbd of 9 days I'n 
vitro (mean vahies of 5 CS7BL/6 mice ± SEM). 

Increased number of splenic progenitar eeUs b measurable by Ae spleen eoUmoh 
fomdngunUassf^(CFU^ Spleen cotoiqr-forinmg units (CFU-S) cells are cq>d>le of 
lodgmg in the spleen and fimning macroscopic nodules 1 1 days qpon adoptive transfer into 
30 the bone marrow^ablated host AsshownuiFig.6»aagnificandyenhancedmmiberof CFU- 
S was detected in spleen cdls taken fiom C^-ODN pro-treated mice. CFU-S exhibit many 
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characteistics of primitive hematopoietic stem cells sudhi as extensive proliferative capacity, 
the ability for self-reiiewal and the capability of generating spleen colonies containing cells of 
multipkhernatopoietic lineages that can rescue animals from lethal ff^ Spangrude, 
OJ ^ aL (1988) Science 241 :58-62. In view of this data ©cperiments were designed to 
examine the reconstitution of lethally irradiated mice by adopts 

in spleens of CpG-ODN treated mice. 

Fig. 6 shows a detonmination of spleoi colony forming units of normal vs. CpG-ODN 
induced ^leen cells XCFU-S Assay). CpG-ODN (CGI) induced splenic hwnatopoiesis leads 
to incaeased number of macroscopic visible colonies after injection mto lethally irradiated 
mice. Gr^dispkysnurnbOTOfmacroscopic nodules per spleen of untreated mice afta: 
le&al irradiation (grey bar) compared to letiially irradiated mice after injection of 2.5x10^ 
• normal sple«a cells (white bar) and irradiated mice mjected with spleen cells fiom ODN-pre- 
treated mice (day 6 post ODN CG 1 , Made bar) (mean vahies of 5 independent e)q)eriment5 
usbog 3-5 CS7BI76 mice per spleen db SEM). 

C^G4)DNm^Eateradb^rotecdve^edsmniyelosuppresshiu Hematopoietic 
progenitor cells are conadered as ratiierradi(msistar^ Morrison,SJetal.(199S) AnmiRev 
CdlDev Biol 11:35-71. Since QK^DONrnduceextxatnedulIaryhematopoiesis via 
moUlization of CFU-S to tiie spleen vit aosaiyzed vdielher CIpOODN could mediate 
radioprotective effects in subledially irradiated niice. CpG chaUeaage of subleAally irradiated 
xmoe (4 Gy) lead witimi day sto a4 fold increase lead within 14 di^ to a4 fold increase of 
sqpIenicOM<7U^ig.7A). Next, we addressed the questioni?^tiierQ)0-ODN driven 
bematopoieas in subletiiaUy irradiated mice allows accderoted recovery of the immune 
^stBETL Two eaq[)erirneatai systems were cfaosoi: (me, tlieiii^^ 
proteinaceous antigens (Lipford, OB ^ aL (1997) Eur J bmnunol 27:2340-2344), and two, 
resdstance to tiie intracelhdar patiiogen Listeria monocytogenes (Quires, R et al. (1 997) 
Immunity 7:419-432). NGce were treated with C^CK>DNwitiiin 30 miiiutesafiersQ^ 
irradiation (4 Gy), allowed to leoover for 1 8 days and hereafter immunized siibcataneously 
(s.cO with ovalbumin (OVA) containing fiposomespbisQuilA as ad)^^ Afier 4 days cells 
of draining iynqph nodes were harvested, cuhnred for an additional fow 
OVA spedficCTL activity. As detailed in Fig. 7Blymidiocytes fiom CpG-ODN treated 
irradiated mice di^layed an enhanced CIL re^^Km^ compared to non-treated irradiated mice. 
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Basically siinilar results were obtained in an infection model using L Monocytogenes 
infection at day 14. OveraU the data given in Fig. 7 demonstrate a coirelafion betwera 
ODN induced extrameduUary hematopoiesis and the ability to mount cytotoxic T cell 
responses or protective inraiune responses towaids bacterial inf^ CpG-ODN 
5 compensate radiation induced damage of the lympho-hematopoictic system by accelerating 
xegeoeration from hematopoietic progenitor cells- 
Fig, 7 shows an increased number of CM-CFU and enhanced CTL function after 
ODN-injection correlates with increased resistance towards lethal listeriosis in subletiially 
inadiatedmice. A: Increased number of GM-CFU per 1 million cells Qeft panel) and GM- 
10 CFU per spleen (right panel) at day 14 after subleflial irradiation (4 Gy) and injection of CpG- 
ODN (CGI). Number of splwric GM-CFU of 3 mice per group (± SEM) witii (+) and without 
(-) ODN injection was compared to normal mice mthout irradiation. B: OVA-q)ecific 
primary CTL-respcmse using ODN COl as adjuvant CTL-function of ODN-treated (squares) 
and mock-treated (drcles) mice im™^^^ at day 18 post-subletiial irradiation was conqpared. 
15 The target cdls were EL4 cells (dotted lines)» or EL4 cells pulsed wilhtiie SIINFEKL peptide 
(solid lines) and spedfic lysis was measured by Cr release (mean values :^ SD of three mice 
pergroi^). C: Increased resistance towanisfisteria infection in sublethaUyirradi 
treated v^th CGI (dosed drcles) compared to inadiaticm alone (opmtrian^ Nficewm 
infected witii Sxl(^ listeria at d^ 14 post irradiation and survival was reco^ 
20 Isx this exanqple extramedullary hematopoieds induced by CpQ-ODN are described 

anddiaracterized. NficecfaaUen^witiiC^-ODNdevdop transient splenomegaly peaking 
at day 6 which is assodated with increased q)l«ic fiequendes of B220/CD3 double n^ative 
cdls. Witiiin this subset hematopdetic progenitor cells were de 
mvitro assays. CpG^DN shorten the period ofxaifiationmducedmydosi^ipression by 
25 inqirovirighanatDpdetic regeneration via enhanced CFU^} export to Ifac spleeaau Asa 
consequence recovery of cytotoxic T cell responses and resistance to bacterial infection 
* developed earlier in tune post suble&al kradiation. 

Bacterial DNA and Cp&ODN activate polyclonally B cells and stimulate APC» such 
as dmdritic cells and macnvphag^ Kri% AM et al. (1995) Nature 374:546*549; Sparwasser» 
30 T et al. (1997) Nature 386:336-337; Sparwasser» T et aL (1997) Eur J Immunol 27:1671-1679; 
Spatwasser^ T et aL (199S) Eur J Immunol 2S:204S-2054; Staoey, KJ et aL (1996) J Imnrand 
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1572116-2122;IJ|)ford,GBetaL (1997)Eiir Jlnum^ Cp&ODN activate 

DC and macrophages in vitxo to secrete laige amounts of hematepoieticaUy active ^toldnes 
including IL-6, OM<:SF, IL-1, lL-2 and TNFhx. Spanwasser, T et al. (1997) Nature 386:336- 
337; Sparwasser, T et ai. (1997) Eur J Immunol 27:1671-1679; Sparwasser» T et al. (1998) 
5 Eur J Immunol 28:2045-2054; Upfoid, GB et al. (1997) Eur J Immunol 273420-3426; . 
Halpem, MD al. (1996) Cell Immunol 167:72-78; Chace, JH et aL (1997) Clin Immunol 
Immunopathol 84:185-193; Roman, M et al. (1997) Nat Med 3:849-854 31-33. Mice 
chaUenged with CpG^DN also transiently exhibit high serum concentrations of these 
cytokines. Sparwasscr, T et al, (1997) Nature 386:336-337; Lipford, GB et aL (1997) Eur J 
10 Immunol 27:3420-3426. To date it is unclear which of these tdggeisextrameduliary 
hematepoiesis. It is possible that Q)G-ODN target bone marrow stroma cells to release 
hematopoietically active cytokines. 

Initially* we anticq)ated that the observed splenomegaly reflected CpG-ODN induced 
B cell mitogenicity because most references attribute CpG induced splenomegaly to B cells. 
15 Kri^ AM et al. (1995) Nature 374:546-549; Mclntyre, KW et al. (1993) Antisense Res Dev 
3:309-322; Branda, RF et aL (1993) Biochan Pharmacol 45:2037-2043. However it was 
only between days 1-4 afi^ C^pCM)DN challenge that proliferating B220^ cells account for 
dite relative increase in splraic celhilarity (Fig. 2). Siqtporting a conclusion of non-B» non-T 
cell involv^ent in splenomegaly, spleen enlargement was dso observed in SCID-mice vriudi 
20 lack B and T cells. At day 6 after CpG-ODN challenge B220VCD3* sploiic cells were 
prevalent (Fig. 2), and histology revealed abundant large immature blast cells indicative for 
extramedullaryhematopoiesis. In GM-CFU in vitro assays the increased hematopoietic 
activity could be defined to the B220'/CD3' pq)ulatioiL In vitro colony assays (Figs. 4, 5, 6» 
Table 8) demonstrated massive increase in splenic numbers of granulocyte^ macrophage and 
25 eady erythrocyte progenitor cells. In peripheral blood ofthe mice however, changes w»e 
disciete inthatleuko^tosis and a slight reduction of immbers of erydnocytes and platelets 
were observed. Uidike humans^ Ite spleen ofmice accounts fiar a large pordon of 
hematopoietic activity. 

It is Imown tiiat bacterid stumili or complete Freud's adjuvant cori^^ 
30 killed mycobacteria) can trigger increased splenic honatqpoiesis (Apte, RN et aL ( 1 976) J 
Cell Physiol 71-78; Staber, FG et aL (1980) Ptoc Natl Acad Sd USA 77:4322-4325; McNeill^ 
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TA (1970) Immunology 18:61-72) possibly via macropbage derived hematopoietic growth 
factors that stimulate the generation and mobilization of blood cells necessary to combat 
bacterial infections (reviewed in Morrison, S J et al. (1 99S) Aima Rev Cell Dev Biol 1 1 35- 
71). Here we show ibat CpG-ODN known to mimic the immmiostimulatQry effects of 

5 bacterial DNA (Krieg, AM et al. (199S) Nature 374:546-549) displayed the capacity to 
potoitiate hematopoiesis. Furdiermore, CpG-ODN was shown to enhance hematopoietic 
regeneration fiom myelosuppre^on as caused by sublethal irradiation. For example, 
irradiated and CpG-ODN treated mice cadiibited increased numbers of i^lenic GM-CFU, 
mounted antigen specific CTL responses and dispb^ed enhanced resistance to Listeria 

10 monocytogenes infection (Fig. 7). The enhanced number of splenic OM-CFU two wedcs after 
mjecdon of CpG-ODN correlated with an oihanced immune sfystem recovery in 
myelosuppressedmice. Hematopoietic depression arid subsequent susoq[)tibility to potentially 
lethal oi^ortumstic infections are wdl-doeumented phenomena following ohemo1faeiapy» 
radiotherapy or acddental radiation exposures. Inespensive mitigation of myelosuppression 

15 would be ofgreat clinical value. Our data ixidtcate that QiG-ODN can initigate radiation 
induced mydosiqspressdon via augmentation of hematopoiesis yieldmg in accelerated 
reconstitution of ffae immune systessL 

TABLES 



a) weight (mg/g bw) 

b)GM-CFU/spleenxl0* 

c)GM-CFU/10^cdls 

Control 

3.92 ±027 

1.20 ±0.43 

7.75 ±2.75 

CGI 

6.84 ±1.42 

8.58 ±2.52 

28.50 ±7.75 

GC 

436 ±036 

2.07 ±0.57 

12.50 ±3.00 

CG2 

6.91*1.89 

4.47 ±0.87 

13J0±225 

nCG 

3.95 ±0.31 

1.13 ±024 

6.75 ±1J0 


Table 8 shows increased spleen weight and number of GM-CFU after injection of 
CpG-ODN. a) Increased spleen weight induced by CpG-ODN. CpG-ODN (CGI, CG2) 
induced significant splenomegaly in mice (means values of 3 CS7BL/6 mice per groi^ ± SD« 
r-test: p^sO.OS), whereas non-CpG ODN (nCG) did not Inversion of tiie CG-dinucleotide 
30 (GC-ODN) almost completely abolishes the effect of GCL Comparison between ODN- 
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treated (10 nmol/mouse) and mock-treated mice (injection with aqua ad injectable), b) 
Nmnber of GM-CFU per spleen (mean values of triplicate values of 3 CS7BL/6 mice per 
giovpiiS^l). c) >hmiber of GM-GFU pal million cells (mean values of triplicate vahies 
of 3 mice per groiq>± SEM). 

5 

Example 2: CpG-ODN Induced Blood and Cell Resistance to S-FInorouradl (5-FU). 

Two ffowps of BAL6/cmice» 9 mice each at 10 weeks of age, were iqected 
intrsperitoneally (i.p.) with 1 SO mg/kg of S-FU in 200 ^1 of sterile phosphate buffered saline 

10 (PBS)ondayO. A third groiq)ofBAI3/c mice, 9 mice at 10 weeks of age, were injected i.p. 
with 200 pi of sterile PBS alone on day 0. Twenty-four hours later one group of 5-FU treated 
mice were administered 3 mg/kg CpG-ODN (CGI) in 200 fil straile PBS; the other 5-FU 
treated groiq) and the PBS-treatedgroiq) received PBS alone. This resulted in three 
e3q)erimental groins: mock treatment (Mock), S-FU treatment (S-FU), and combined 

IS treatment with 5-FU plus qpG-ODN (S-FU + ODN). On days 4, 7 and 10 following 5-FU 
treatment, 3 mice fit>m eadi group were sacrijSced and assays were performed to access 
immunoresistance to dbemodierq^eutic tzeatment. 

1. Spleen Weight and SplemCdl Count Spleens imioved on days 0,4, and 10 were 
trimmed of ftt and contiguous tissues, and then weighed. Th^ then were minced and 

20 dispersed for cell counting. Red blood cells were removed lyyNH4Clfysis prior to cell counts. 
As shown in Fig. 8, spleens fiom animals treated widi 5-FU plus CpG-ODN wdgfhed more on 
days 4 and 10 following 5-FU treatment than £d spleens fiom animals receiving 5-FU alone^ 
and spleracell counts tended to be hig^ and closer to normal in animals reodving combined 
treatment tiian in tibose receiving 5-FU alone. 

25 2. Differential Splenic Lymphocyte CoimtsFoiloi^^ 

ODN. Splenic lynq>hocytes (SxlO' to 1x10^) were washed in PBS containmg 2% fotal calf 
serum and incubated for 1 0 minutes at 4 ''C with anti-FcyRiyill antibodies to block 
nonspecific buulingofFrrc-labdedanti-B220 or anti-CD3. Cells were wasted between 30 
minute incubation stqps with 1:1 PBS/FCS. FACS analysis was perfimnednsmg a Coulter 

30 Epics XL flow cytraneter, acquiring 10,000 events per data point As shown in Fig. 9, T cells 
were decreased on day 4 m axiimals treated with 5*FU alone and recovered to normal by day 
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7. Animals ireceiving 5-FU plus CpG-ODN had a nonnal splenic T-cell count on day 4 and a 
trend to^vard higher than control splenic T-cell counts on day 7 and 10. Fig. 10 shows that 
splenic B-ccll counts actually dropped in both the 5-FU and 5-FU + ODN groiqys conapared to 
control on day 4. However, animals receiving 5-FU plus CpG-ODN recovered to normal 
splenic B-cell count by day 7, while animals recdvmg S-FU alone continue to have a lower 
splenic B-cell count iban control out to day 10. 

3. Peripheral White Blood Cell Count (WBC). Differential blood cell analysis was 
performed on days 0, 4, 7» and 10 by automated hemacytometer programmed for murine cells. 
As shown in Fig. 1 1 , by day 4 following 5-FU treatm^t WBC was significantly lower in all 
animals receiving S-FU than ui mock treated animals. However, animals receiving 5-FU plus 
CpG-ODti had a higher WBC on each day. including day 4, than did the animals treated with 
5-FU alone. 

4. Peripheral Red Blood Cdl Coant (JXBQ. Nfice treated witii 5-FU plus CpG-ODN 
Tnainfain a normal red blood cell count at all time points, vAalc animals recdving S-FU alone 
exhibited a significant dnyp in imCthniugh day 10 compa^ SeeFigurel2. 

5. PlatdetCoimt The platelet count drop in aniinab receiving 5-FU plus ODN was 
as severe as in animals treated widi 5-FU alone (see Fig. 13). By ^7 and continuing to day 
1 0 the platelet count rebounded to above control in both the S-FU and 5-FU + ODN groups. 
& Q^otoxie T Lymphocyte Fmictioiial Resistance to 5-FU. Two groins of C57BL/6 
mice 1 0 weeks of age were iry ected intravenously mth I SO mg/kg S-FU in 200 pi of sterile 
PBS on day 0; a control groiq> of idmilar mice recdved 200 pi of sterile PBS alone. Twenty- 
four hours lat^ mice in one of the 5-FU tnKited groups were administered 3 mtg/kg CpG-ODN 
(CGI) subcutaneously in 1 00 pi sterile PBS; the other S-FU treated group and the PB S-treated 
group xecdved PBS alone. TUsresutted in three e}q)erinientalgroiq»: mock treatnie^ 

2S (Contol), S-FU treatment (S-FU)» and comluned treatment with 5-FU plus CpGODN (S-FU H- 
ODN). At day 10 post S-FU treatment, rnicefixmieadi groiq) were adt^ 
ofovalbunodn (OVA) to induce cytolytic T cdl devdopmen^ At day 14, 4 days after OVA 
adnunistxation, the mice were ramficed and a '^Cr release CTL assay was performed 
accordii^ to standard procedure. Yamamoto, S et al. (1992) Kficrobiol Immunol 36:983-497. 

30 AsshowninFig. 14, the C1L response fiominice treated vritfa S-FU alone was xnark 
depressed compared to controls over the entire range of effector to target cell ratios tested. 
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NCce lecdving 5-FU plus CpG-ODN exhibited by conqiarisGn a mudi stionger CTL response 
tiian observed in the S-FU alone gEoop. Thusanefifectoftfaeadmimstxationof CpCM)DNin 
conjunction "with 5-FU was to preserve the ability to mount an effective CTL response at a 
level closer to that observed in untreated animals and distinctly higher tixan that obs^ed in 
5 animals treated widiS-FU alone. 

Example 3: Hematopoietic Remodeling 

1. D^dritic Cdls» Two groiq>s of C57BL/6 mice were administered 3 mg/kg Q)0* 
ODN (CGI) in 200 fil sterile PBS or PBS alone on day 0. Seven days later, mice were 

10 sacrificed and spleens harvested as in Example 2 for analysis. Sple^ so obtained were 
subjected to an additional treatment with coUagoiase, yielding higher total numbm of 
splenocytes per spleen than obtained in Example 2. Splenocytes then were counted and 
aUquoted; an aliquot fix>m each treatment groiq> was stained with anti-CDl Ic and anti-CDl lb 
for FACS analysis to quantitate total resident splenic DCs* As shown in the left panel of Fig. 

15 15, Ihe number ofQ)llc/CDl lb double positive spleen cells in the spleens of animals t 
with CpGODN was expaDded 7-fold over control. Aliquots of remaining portions of the 
splenocytes harvested on day 7 wexe propagated in culture for an additional 7 
presence of giowfh&ctorslmown to finror DC growth* SparwasseryTetal.(1998)Eur J 
bnnmnol 28:2045-2054. >^le cells in cidtumweieAea counted and analyzed by FACS a^ 

20 above to determine the population of CDl 1 dCD lib double positive cells (DCs) xemaming m 
culture. As shown in fheri^ panel of Fig. IS, q)leiiocytesdmvedfiom mice tr 
CpG-ODN and propagated under these conditions were highly enriched for DCs, while 
sqdeno^tes derived fiom mock-ixi)ected mice grew out neariy none (SlxlO^/spleen vs. 
0.6xlOVspIeai, lespectively). 

25 2. EfiG^ofHematopoietfeRemoddingonladnetionof Antibo^toAnti^^ Four 
groiqps of CS7BL/6 mice weie injected with 3 mg/kg CpO-ODN (COl) in 200 pi sterile PBS; 
a fifibgroiq) was iqected with PBS alone. Injected mice ften were immunized with OVA 
accordiiig to a fixed sdiedule spanning 21 days, beginning at different tinies relative to tfie 
CpG-ODN or PBS UDgection. The immunization protocol ccmdsted of injection of 100 (ig 

30 OVA^foUowed by abooster injection ofOVA 14 days later. Afteran additional 7 days of 
rest, seran samples were collected and analyzed by IgG isotypO'^pedfic ELISA» usmg OVA- 
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coated plates and serial dilutions to determine mean endpoint titer for eadi isotype assayed. 
Results are shown in Fig. 16, wiiere animals receiving CpO-ODN and tfaeir first exposure to 
OVA on llie same day are shown as Da/ 0» and animals receiving Cp&ODN 35 days prior to 
their first e^qposure to OVA are draoted Day -35. Animals receiving OVA immunization but 
5 no DN A serve as controls. The IgG2a response in the Day 0 group is enhanced more than 3 
logs above normal^ with residual heightened Ig02a response to antigen noted as long as 35 
days aft^ CpO-ODN administration. Potentiated and persistent responses were also evident 
forIg01andIgG2b. 

3« Effect of Hematopoietic Remodeling on Induction of CTL Response to Antigen. 

10 Groiqis of C57BL/6 mice wwe injected with 3 mg/kg CpG-ODN (CGI) in 200 \xi sterile PBS 
or with PBS alone. Injected mice then were injected once with 100 ^g OVA at various time 
points following CpG-ODN administration. OVA-specific CTL assays were performed usng 
OVA-transfected EL4 cells as targets according to a procedure previously described. 
Sparwasser, T et al. (1998) Eur J Immunol 28:2045-2054. As shown in Fig. 17, the CTL 

15 response demonstrated Uphasic pattern: After an initial SO percent qpedfic lysis ^en antigen 
and CpG-ODN axe administered concuxientiy, tiiere is a severe dampening of responsiveness 
y/bea antigen is first encountered 24-48 hours after CpG-ODN, followed by a maximal 
responsiveness (65 percent q^edfic lysis) occonipg when antigoi is first encountered 7 days 
following CpGODN. CTL responsiveness tixen gradually dinunishes as the i^^ 

20 DNA injection and initial OVA oq[K>sure lengtiiens b^cmd 7 days, dtiiough resfponsdvmess 
remains above control for an interval ofat least 35 days. These results are also presented in 
Fig. 18, "vtduiA also shows that tiwre is essentia 
CpO-DMA. 


30 
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GCTAGAI^rrAGegE 

GCTAGATGTTAGCSr 

GCTAGAZGTTAGSir 

5 GCTAOAmiTAGZQT 
GCATGAGQTTGAGqi 
ATOGAAGOrcCAGegrrCTC 
ATmACTCTCQAGmTTCTC 
ATZfiACrrCTZ0AG2;SrTCTC 

10 ATZfiACTCIlSflAGCQTTCTC 
ATCQACTCrCQAGCQTTZTC 
ATmACTCimAACQTrCTC 
GAGAAeQCTGGACCITCCAT 
OAGAAfiQCTCQACCTTCCAT 

IS GAGAA^CTCSACCTTCQAT 
GAGCAAQCTGGACCTTCCAT 
GAGCAZSCTGQACCrrcCAT 
GAGAACflCTGGACZTTCCAT 
GAGAACQATOGACCTTCCAT 

20 GAGAACGCTCCAGCACTGAT 
C5CATGT£SGTCCTOATGCr 
TCCATGCTQGTCCTOATGCT 
TCCATGTZQGTCCTGATGCT 
TCCATGTCOGTZCTGATGCT 

25 TOCATQASasrrcCTQATGCT 
TCCATGT£QGTC!CT0ACX3CA 
TCAACGTr 
TCAAGCTT 
TCAGGiCT 

30 TCTTCSAT 
TCnGQAA 
CAA£QTr 
CCAAmTT 
CAA£2SrTCT 

35 TCAAfiflTC 

ATGGACTCTCCAQCQTrCTC 
ATAGGAGGTCCAACerrCTC 
ATCQACTCTeSAG^TTCTC 
ATQGAGGCTCCATfifiTrCTC 

40 ATZGGACTCTZOAGZSrrCTC 
AT02ACrCT£SAGZerTCTC 
GCATGACGTrOAGCD' 
TCCATGTQ3GTCCTGATGCr 
TCCATGCCSGTCCTGATGCT 

45 TCCATGGeQOTCCTGATGCT 


Table 1 -segpe^f^gea 

(SEQIDNO.l) 
(SEQIDN0:2) 
(SEQIDN0:3) 
(SEQIDN0:4) 
(SEQIDNO:S) 
(SEQIDN0:6) 
(SEQIDNO:?) 
(SEQIDN0:8) 
(SEQIDNO: 9) 
(SEQIDNO: 10) 
(SEQIDNO: 11) 
(SEQIDNO: 12) 
(SEQIDNO: 13) 
(SEQIDNO: 14) 
(SEQIDNO: 15) 
(SEQIDNO: 16) 
(SEQIDNO: 17) 
(SEQIDNO: 18) 
(SEQIDNO: 19) 
(SEQIDNO: 20) 
(SEQIDNO: 21) 
(SEQIDNO: 22) 
(SEQIDNO: 23) 
(SEQIDNO: 24) 
(SEQIDNO: 25) 
(SEQIDNO: 26) 
(SEQIDNO: 27) 
(SEQIDNO: 28) 
(SEQIDNO: 29) 
(SEQIDNO: 30) 
(SEQIDNO: 31) 
(SEQIDNO: 32) 
(SEQIDNO: 33) 
(SEQIDNO: 34) 
(SEQIDNO: 35) 
(SEQIDNO: 36) 
(SEQIDNO: 37) 
(SEQIDNO: 38) 
(SEQIDNO: 39) 
(SEQIDNO: 40) 
(SEQIDNO: 41) 
(SEQIDNO: 42) 
(SEQIDNO: 43) 
(SEQIDNO: 44) 
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TCCATOACQQICCTGATGCT 
TCCATGTTCQATCCTGATGCT 
TCCATGimCTCCTOATGCT 
TCCATGTCSTTCCTGATGCt 

5 TCCATAACQTTCCTQATGCr 
TCCATGAESTCCCTOATGCT 
TCCATCACQTGCCTOATGCT 
GGGGTCAACQTTGACGGGG 
GGGOTCAGTCfiTGACGGGG 

10 GCTAGACQTTAGTGT 
GCTAGAZQTTAGTGT 
TCCATOTS^nrCCTQATGCT 
TCCATGTZfiTrcCTOATGCT 
ACCATGGACGATCTGTITCCCCTC 

15 TCTCCCAGCGTGCGCCAT 
TACCGCGTGCOACCCTCT 
ACCATOGACGAACTOTTTCCCCTC 
AC<l\TGGACX5AGCTGTTTCCCCrrC 
ACCATGGACGACCTGnTCCCCTC 

20 ACCATGGACOTACTGnrCCCXrrC 
ACCATOGAOKJTCTGTrTCCCXrrC 
ACCATGGACGTrCTGTrTCOCCTC 
CACGTTGAGGGGCAT 
CTGCTGAOACTGOAG 

25 TCAGCGTGCGCC 

ATGACGTTCCTGACGTT 
TCTCCCAGCGGGCGCAT 
TCTCCCAGCGCGCGCCAT 
TCCATGTCGTTCCTGTCGTT 

30 TCCATAGCGITCCTAGCGTT 
TCGTCGCTGTCTCCGCTrCTT 
TCCTGACGTrCCTGACGTT 
TCCTGTCfiTTCCrGTCffrT 
TCCATGTCffrnTlXSTQSTT 

35 TCCTGTCGTTCCTTGTCOTT 
TCCTTGTCQTTCCrOTCQTT 

TccTGTQsmTnxJTCsrr 

Ti^TjCQCTGTCTGCCCTTCTT 
TCfiTfiQCTGTTGTCfiTTTCrT 
40 TCCATOTZGTTCXnXSTZGTr 
TCCAGGACTTCTCTCA GGrr 
TCCATGCSTGCQTOCSnrr 

TccATomT rG^an rogirr 

TCCA£SA£QTTTTQSA£STT 
45 TCGTCGTTGTCGTTGTCGTT 

TCGTCGl illGTCOl 1 1 iGTCQTT 


(SEQIDNO:4S) 

(SEQIDNO:46) 

(SEQIDNO:47) 

(SEQIDNO:48) 

(SEQIDNO:49) 

(SEQIDNO:50) 

(SEQIDN0:5I) 

(SEQIDNO:52) 

(SEQIDNO:53) 

(SEQIDNO:54) 

(SEQIDNO:55) 

(SEQIDN0:S6) 

(SEQIDNO:57) 

(SEQIDNO:58) 

(SEQIDNO;59) 

(SEQIDNO:60) 

(SEQIDN0:61) 

(SBQIDNO:62) 

(SEQIDNO:63) 

(SEQIDNO:64) 

(SEQIDNO:65) 

(SEQIDNO:66) 

(SEQIDNO:67) 

(SEQIDNO:68) 

(SEQIDNO:69) 

(SEQIDNO:70) 

(SEQIDN0:71) 

(SEQIDNO:72) 

(SEQBDNO: 73) 

(SEQIDNO:74) 

(SEQIDNO:75) 

(SEQIDNO:76) 

(SEQroNO:77) 

(SEQIDNO:78) 

(SEQIDNO:79) 

(SEQIDNO:80) 

(SEQIDNaSl) 

(SEQIDNO:82) 

(SEQIDNO:83) 

(SEQIDNO:84) 

(SEQIDNO:85) 

(SEQIDNO:86) 

(SEQIDNO:87) 

(SEQn)NO:88) 

(SEQIDNO:89) 

(SEQIDNO:90) 
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TCGTCGTTGTCGTTTTGTCGTr 

GCSTGlffiTTOTCQTTGTCSTT 

CSOKJCQOGCfiqCSOQCeCCC 

TGTCfiTTTGTfieTTTGTCerr 

TGTCGTTGTCGTTGTCQTTGTCGTT 

TGiiasTrGTcsnxjimrr 

TeSTCSTCQTQSTT 

TGTCGTTGTCGTT 

TCCATAGCSnrCCTAGCQTT 

TCCATGACGTTCCTGACGTT 

GTCG(T/C)T 

TGTCOCr/QT 

TCCATQAGCrrCCTGAGTCT 

TCTCCCAGCQfrGfiQCCAT 

TCCATGACXSTTCCTGACGTr 

AOCTATOACGTrcCAAGO 


(SEQIDNO: 91) 
(SEQIDNO:92) 
(SEQIDNO: 93) 
(SEQIDNO: 94) 
(SEQIDNO: 95) 
(SEQIDNO: 96) 
(SEQIDNO: 97) 
(SEQIDNO: 98) 
(SEQIDNO: 99) 
(SEQIDNO: 100) 
(SEQIDNO: 101) 
(SEQIDNO: 102) 
(SEQIDNO: 103) 
(SEQIDNO: 104) 
(SEQIDNO: lOS) 

(SEQIDNO. 107) 


The ibi^oing writtoi spedfication is comndered to be sufBdent to enaUe one skilled 
in flie art to practice Iheinvcotioa. Tbepreseot invention is not to be limited in scope by 
examples provided, dnce tiw examples are intended as a an^ iUustration of one aspect of fbe 
invention and other fimcdonally equivalent embodiments are widiin tiie scope of tiie 
inveotion. Various modifications of the invoition in addition to those shown and described 
herein vnUl become apparent to those skilled in the zit from the foregoing description and M 
vvitlun Ihe scope of flie appended claims. The advantages and objecte of the invmlion are not 
necessarily encompassed by each enibodiment of ihs invoition. 

AH references, patents and patent publications that are redted in this application are 
inccnporated in tbeir entirety herdn by reference. 
Wedaim: 
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1 . A method for inducing an an%enrspecific immune response, comprisioe: 
administering to a subject an oligonucleotide, having a sequence including at least the 

5 following foxmula: 

5'X,CGX2 3' 

vrheidn the oligonucleotide includes at least 8 nticleotides wherein C and G are unmethylated 
and wfaerdn Xi and Xi are nucleotides, 

exposing &e subject to an antigen at least 3 days after the oligonucleotide is 
10 admimstered to Ihe sutgect to pioduce an andgen-specific immune response. 

2 . The method of claim 1 , indierein the antigra is administeied at least 4 d^ after ib& 
ofigoimcleotide is administered to the subject 

15 3. The method of daim lyWfaeran the antigen is admmistered at least 
oligonucleotide is adounistered to the subject 

4. The method of daim 1, wheiein die antigen is admixustered at least IS days after ^ 
oUgonudeotide is administeied to the subject 

20 

5 . The method of claun 1 , wherein flie antigqa is administered at least 30 days after the 
oligonudeottde is administered to the subject 

6. The method of daim 1, wlieidnlheoUgoiiudeotideisSto lOOnudeoddesinleDgib. 

25 

7. The method of claim 1, wherem fbf^ oligonudeotide indudes a phosphate badd>one 
modification whidi is a phosphorothioate or phosphorodilhioate modificadon. 

8 . The method of claun 7, wfaeardn ibc phosphate backbone modificadcm occurs at the 5* 
3D end of the oligonudeotide. 


9. The notelfaod of daim 7, wheiein the phosphate badd^one modification 0^^ 
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10. The method of plaim 1, wherein the oligomicleotide has a sequence including at least 
flie jfoUowiDg fiuxnula: 

5 S'XiXjCQXaXiy 

i^vhraein XiX^ aie nucleotides selected fiom the gnnqi consisting of: GpT, OpO, GpA and 
ApA; and axe nucleotides sdected fiom the group consisting of: TpT, CpT or TpC. 

11. Themetiiiodofclaim l,\vfaerein the oUgcmucleotide has a sequence including at least 
10 tiie following formula: 

. S'TCNTXjXaCGXaX^y 
i?\^eidn X|, XiXs^ axid Xt are nucleotides» N is a nucleic add sequence composed of fiom 
about 0*25 mideotides. 

15 12* llie method of claim l,v«diereinX|>^ are nudeotidessdectedfo 

ocmsisdng o£ GpT, GpG> GpA and ApA and XaX^ are nucleotides selected finom tibe group 
consisting of: TpT» C^T or TpC. 

13. The method of claim l»i7riierein the antigen is a nuddcac^ 

20 

1 4. The mediod of ddm 1 , xiriieran the antigen is selected finnn die group condsdng of 
cdls, cell extracts, piotdns, polysacdunides, polysacdiari de conjugates, Iqnds, glycolqxids, 
caxbot^drate, viral extracts, viruses, bacteria, fim^, parasites, and allergens. 

25 IS. 11iemeilu)dofclaiml,vAerein die antigen is an aUeigei^ 

16. The mediod of claim 1, wherein die antigen is derived fiom an infectious organism 
selected firom the grovq) consistmg of infectious bacterid 

fin^. 

30 

17. The tnediodofdaiml, wherein die subject is activdy exposed to the antigen 
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18. The method of daim 17> whmm the anti^ is delivered in conjuncdon m& a 
colloidal dispersion system. 

1 9. The method of claim 1 8, ^wherein the colloidal dispersion system is selected from the 

5 groi^ consisting of macnnnoleciilar complexes^ nanocqisules^ microspheres, beads» and lipid-' 
based systems. 

20. Hie method of claim 1 9, wherem the lipid-based system is selected from the ffoap 
consisting of oil-in-ivater emulsions, micelles, mixed micelles, and liposomes. * 

10 

21 . Tbe mediod of claim 17, fiirdier comprismg the step of administaisg an adjuvant in 


22. The meduid of claim l,i»diereinfhe subject is pas^ 

IS 

23i Theinetibodofc]aim22,vdieidnthesa^ 

24. The method of clium 22, i^tdiermitiiesuljec^ 
reaction. 

20 

25. T1iemediodofclaim22,iiAeietntbesidge^ 

26. The method of claim 1 , irfierBin the antigen speafie imimme rej^ymgeg is a Thl ^ype 
immune xesponse. 

25 

27. A iiielliodfiir increasing platdetcoimts in a sidy ect ha 

adnunistering to a sutgect haviiig (nonrdiemoiheR^^ 
an oligonucleotide, havinig a sequence including at least the fidlowing fiumula: 

30 yx^asK^y 
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iwfaerem the oligomicieotide includes at least 8 nucleotides Dt4ieiein C and O are umnetiiylated 
and wherein X| and are nocleotides, in an amount effective to increase platelet counts in 
the subject 

5 28. Tliemedu>dofclaim27v4iereintiie6l]gon^ 

effective to increase platelet counts in the subject fay at least 1 0,000 platelets per microliter. 

29. The method of claim 27 wherdn the oligonucleotide is administered in an amount 
effective to increase platelet counts in the subject by at least 20»000 platelets per microliter. 

10 

30. The method of claim 27 ^terein the oligonucleotide is administered to the siibj ect in 
an amount effective to increase the platdet counts in the subject by 100 percent 

31. The method of claim 27 wherein the tim>mbocytopenia is a dnig'induced 
IS tfaromboqiopenia. 

32. The mediod of claim 27 \dierein the thrombocytopenia is due to an autoimmune 
disorder such as idiopathic thrombocytopenic purpura. 

20 33« lhexnediodofclaim27%^iereinti]elhnmibocytopemaisatiiron^^ 
resulting fiom accidental radiation e(xposure. 

34. The mediod of claun 27 wfaeiein tiie flirombocytopenia is a thrombocytopenia 
xesultipg fiom therapeutic radiation esposure. 

25 

35. The mediod of claim 27, wherein the oHgonucleotide is 8 to 1 00 nucleotides in length. 


36. The method of daim 27, vAiereui fltt oligonucleotide includes a jfliosidiBte backbone 
modification i^dch is a pho^orothioate or phoq>horodiQiioate modificatim. 

30 
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37. The method of claim 36, wh&[&n the phosphate backbone modificatioii occurs at the 5* 
end of the oligonucleotide. 

38. The method of claim 36, wherein the phosphate backbone modification occurs at the 3' 
end of the oligonucleotide. 

39. The method of claim 27, wherein the oligonucleotide has a sequence mcluding at least 
the following formula: 

wherein X1X2 are nucleotides selected from the group consisting ot GpT, GpG, GpA and 
ApA; and are nucleotides selected from the group consisting of: TpT» CpT ot TpC. 

40. The method of claim 27, i^tdierein the oligonucleotide has a sequence tnehirimg at least 
the following formcula: 

s'TcmxiXfiGx^y 

wbecem Xi, Xj, Xj^ and X4 are nucleotides, N is a nucleic add sequence composed of from 
about 0-2S nucleotides. 

41. The method of claim 27, \1toeinX1X2 are nucleotides selected ficmi the groiqp 
consisting o£ GpT, GpO, GpA and ApA and X3X4 are nucleotides selected from the groi^i 
ccmastrng o£ TpT, CpT or TpC 

42. Aniediodoftreatingasiilgectatiiskofdevdopii^ 

administering to a subj ect at ride of develo^g dmsmbocytqsenia an oligonudeodde, 
handng a sequence including at least the following formula: 

yX,C0Xi3' 

vdiereintiie oligonucleotide includes at least 8 nucleotides wherein C and O are unmeti^lated 
and wherein Xi and Xj ate nucleotides, in an amount effecfive to prevent a decrease in platelet 
counts ordinarily expected under plateiet-dqileting con 
is exposed to platdet-depleting conditions. 
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43. The mediod of claim 42 xirfierem the sabject at risk of developing tfazombocytopema 
has a disonler tieated wiA platelet suppressive drags. 

44. The method of claim 42, iwfaerem the oligonucleotide is 8 to 100 nucleotides in lengOk* 

5 

45. The method of claim 42, herein the oligonucleotide includes a phosphate backbone 
modification which is a phosphoiothioate or phosphoiodithioate modification. 

46. The method of claim 45, wherein the phosphate backbone modification occurs at the 5* 
10 end of the oligonucleotide. 

47. The me&od of claim 45, wherein the phosfdiate backbone modification occurs at the 3' 
end of the oligonucleotide. 

IS 48. The method ofdaim 42, vdierein the oUgonucleotide has a sequel^ 
the following formula: 

5'X,X2CGX3X4 3' 

whosin XjXj are nucleotides selected fiom the groiq> consisting of: CSpT, GpG, GpA and 
ApA; and XjXi are nucleotides selected fiom the group consistmg of. TpT, CpT or TpC. 

20 

49. The method of claim 42, ^^lerem the oligonucleotide has a sequence including at least 
the following fi>rmula: 

yTCNTXiXaCOXjX*^ 
vriberemXi, and X4 are nucleotides, N is a nucldc add sequence composed of fixnn 
25 about 0-2S nucleotides. 


SO. The method of claim 42, vAeranXjX] are nucleotides selected fiom^ group 
consistmg o£ GpT, GpO, GpA and ApA and X3X4 are nudeotides sdected fi:Dm flie gtoup 
SO consisting of. TpT, Q>T or TpC. 
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51. A method for treating anemia^romprising 

acbninistering to a subject having anemia an oligonucleotide, having a sequence 
including at least the following foimula: 

5 herein the oligonucleotide includes at least 8 nucleotide wherein C and G are unmethylated 
and wherdn and are nucleotides, in an amount effective to induce ezythropoiesis in the 
subject. 

52. The method of claim 51 in^ierein the oligonucleotide is administered in an amount 
10 effective to increase eiythroblast counts in the subject by at least 10 percent 

53. The method of claim 5 1 wherem the oligonucleotide is administered in an amount 
effective to ino^ease eiyduoblast counts in the subject by at lea^ 20 percent 

15 54. The method of claim SI whergin the oligonuclentidft fldministOTrd tO thg SUtjeCt in 

an amount effective to increase eryfhroblasi counts in the subject by 1 00 percent 

55. The method of daim 51 wherein the anemia is a drug-induced anemia. 

20 56. The medbod of claim 51 wherein die ancniia is sdected from the gro 

an immunohemoitsrtic disosrder, genetic disorders such as hemogloUnopafhy and inherited 
hemolytic anemia; inndeqnate producticHi despite adequate uDon stores; dironic disease such as 
kidney feihire; and chronic inflammatory disorder sudi as ifaeumatoid arthritis. 

25 57. Tbe method of claim 51, vtoein the oligonucleotide is 8 to 100 nucleotides in length. 

58. The method of cUnm 51, vrfiesrein the oligonudeotide includes a jAosidiate backbone 
modification vMdk is a phosidicnofhioate or phosphoiodtfliioate modification. 
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59. The method of daim 58» wharein &e pbosphate badkbone modificatioii oceiss 8t liie S' 
end of tihie ofigoaaideotide* 

60. Thex&0QKodofdaim58»v1ierantiieid^^ occQisatfheS' ' 
5 endofffaeofigpnodeotide. 

6L The mefltod of claim 51, i^^ierdii the cdigamicleotidehas a sequence jncluding at least fee 
following fonmila: 

5'XpCaCGX3X4 3' 
10 /v^odmXfX} are nudeotidessdected from tifaiegrov^ 

.A|>A; and X3X4 are nucleotides selected fiom the group consisting of: TpT, CpT or T^. 

62. The method of daim 51, vdseiein the oUgonudeoticte has a segu^ce including at least 
the following foimula: 

15 5'TChnX|X2CGX3X4 3' 

^^lerdn X| » X^, Xj^ and X4 axe nudeotides, N is a nudeic add sequence cozxipbsed of fiom 
about 0-25 nucleotides. 

63. The method ofclaim 5 U wherein X1X2 are nucleotides selected 

20 consisting o£ GpT, GpG, GpA and ApA andX3X4 are nucleotides selected fiom Ifae groi^p 
consisting o£ TpT, CpTorTpC. 

64. The method of cjaim 51 wherrfn the flyjgp^i n iy pn gn^mj ^ iggiiltin g frnm fr-^^jfT lt"^ 
radiation, exposute; 

25 

65. The method of daim 51 wfaeiemtfie anemia is an anemia lesulttng from then^ 
ifdiatton exposure. 
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SZQXnOICB LISTING 

<110> €!pQ IimnimoPharmaceutlcals GmbH 

<120> Methods for Regulating Hdmatopoiesls 
Using Cp6- Oligonucleotides 


<130> C104X/7002/WO/HCL 

<a50> tJS 60/085,516 
<151> 1998-05-14 

<150> US 09/241 « 653 
<151> 1999-02-02 

<160> 109 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 15 
<212> JXOi 

<213> Artificial Sequence 
<220> 

<223> Synthetic Seqpience 

<400> 1 
gctagacgtt agcgt 

<210> 2 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> synthetic Sequence 

<400> 2 
gctagatgtt agcgt 

<210> 3 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> modifiedjbase 
<222> (7>...{7) 
<223> mSC 

<223> Synthetic 


<400> 3 
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gctagacgtt agcgt 


15 


<2X0> 4 
<211> X5 
<2X2> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<22X> modif ied.base 
<222> (13) . . . (13) 
<223> m5c 

<400> 4 

gctagacgtt agcgt 15 

<210> 5 
<211> 15 
<212> BRA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> S 
<211> 20 

<2i2> rm. 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 6 

atggaaggtc cagcgttctc 20 

<210> 7 
<211> 20 
<312> CHA 

<213> SArtificial Sequence 
<220> 

<223> Synthetic Sequence 


<:400> 5 
gcatgacgtt gagct 


15 


<400> 7 
atogactctc gagcgttctc 


20 


<210> 8 
<2X1> 20 
<212> DHA 

<213> Artificial Sequence 


<220> 
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<223> Synthetic Sequence 

c22l> inodi£ied_baBe 
<222> (3) . . . (3> 
<223> mSc 

<221> modified^base 
<222> (10) . . . (10) 
<223> toSc 

<221> nodlfiedjaaee 
<222> (14)... (14) 
<223> mSc 

<400> 8 

atcgactctc gagcgttctc 20 

<210> 9 
<211> 20 
<212> XXSA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Se(|uence 

<221> modified^base 
<222> (3) . . . (3) 
<223> mSc 

<400> 9 

atcgactctc gagcgttctc 20 

<210> 10 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<221> modlfied^base 
<222> (18)... (18) 
<223> mSC 

<400> 10 

atcgactctc gagcgttctc 20 

<210> 11 
<2ll> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic sequence 


<400> 11 
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atcgactctc gaacgttctc 


20 


<210> 12 
<211> 20 
<212> XfSA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 12 

gagaaogctg gaccttccat 20 

<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<2lO> 14 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 14 

gagaaogotc gaccttcgat 20 

<210> 15 
<211> 20 
<212> laaA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 13 
gagaacgctc gaccttccat 


20 


<400> 15 
gagcaagctg gaccttccat 


20 


<22l> xnodified^base 
<222> (6)... (67 
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<223> mSc 


<400> 16 
gagcacgctg gacc^tccat 


20 


<210> 17 
<2X1> 20 
<212> DNA 

<213> Artificial Seqaence 
<220> 

<223> Synthetic Seguexice 

<221> inodified^base 
<222> (14) . . . (14) 
<223> mSc 

<400> 17 

gagaaegctg gaccttccat 20 

<210> 18 
<211> 20 
<212> DNA 

<213> Artificial Sequenca 
<220> 

<223> Synthetic Sequence 


<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 19 

gagaacgctc cagcactgat 20 

<2X0> 20 
<211> 19 
<212> JDNA 

<213> Artificial Sequexuse 

<220> 

<223> Synthetic Sequence 
<400> 20 

ccatgtcggt cctgatgct 19 


<400> 18 

gagsuiogatg gaccttccat 


20 


<210> 21 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 21 

tocatgctgg tcctgatgct 20 

<210> 22 
<211> 20 
<212> CHQH 

<213> Artificial Sequence 
c220> 

<223> Synthetic Sequence 

<221> modifiedjbase 
<222> (8) . . . IB) 
<223> mSc 

<400> 22 

tccatgtcg? tcctgatgct 20 

<210> 23 
<211> 20 
<212> SNA 

<2X3> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<221> modif iedrbase 
<222> <12)...(12) 
<223> mSc 

<400> 23 

tccatgtcgg tcctgatgct 20 

<210> 24 
<211> 20 
<212> JSmi 

<213> Artificial Sequence 

<220> 

<223> Synthetic Sequence 
<400> 24 

tccatgacgt tcctgatgct 20 

<210> 25 
<211> 20 
<212> DNA 

<213> Artificial Sequence 


<220> 

<223> Synthetic Sequence 
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<400> 25 
tcoatgtcgg tcctgacgca 


20 


<210> 26 

<2li> 8 
<212> 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 26 

tcaacgtt 8 

<210> 27 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 28 

<2ia> 8 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 28 

tcagcgct 3 

<210> 29 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 29 

tcttpgat 8 

<2i0> 30 
<211> 8 
<2X2> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 27 


tcaagctt 


8 


<400> 30 
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<210> 31 
<211> 7 

<2i2> im 

<213> Artificial fiequence 
<220> 

<223> Synthetic Sequence 

<400> 31 
caacgtt 

<210> 32 
<211> B 
<212> XWi 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<400> 32 
ccaacgtt 

<210> 33 
<211> 9 
<212> SNA 

<213> Artificial Sequence 

<220> 

<223> Synthetic Sequence 


<400> 33 
caaogttct 


<210> 34 
<211> a 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequesice 


<400> 34 
tcaacgtc 


<210> 35 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 35 
atggactctc cagcgttctc 


20 
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<210> 36 
<211> 20 

<2i2> zm 

<213> Artificial Sequence 
<220> 

<223> Syatlietic Sequence 
<400> 36 

ataggaggtc caacgttetc 20 

<:210> 37 
<211> 20 
<:2X2> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 37 

atcgactctc gagcgttctc 20 

<210> 38 
<211> 20 
<212> HNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 38 

atggaggctc catcgttctc 20 


<210> 

39 

<2ll> 

21 

<212> 

DNA 

<213> 

Artificial Sequence 

<220> 


<223> 

Synthetic Sequence 

<221> 

modified base 

<222> 

(3>...(3)" 

<223> 

mSc 

<22X> 

modifiedjbase 

<222> 

(11) . . . (11) 

<223> 

mSc 

<221> 

modified base 

<222> 

(15) • . . (15) 

<223> 

m5c 


<400> 39 
atcggactct cgagcgttct c 


21 
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<210> 40 
<211> 20 
<2X2> X2NA 

<213> Artificial Seqaence 
<220> 

<223> Synthetic Sequence 

<22l> modified_base 
<222> (14)... (14) 
<223> mSc 

<400> 40 

atcgactctc gagcgttctc 20 

<2X0> 41 
<23JL> 15 
<212> DNA 

<213> Artificial Seguence 
<220> 

<223> Synthetic Sequence 
<400> 41 

gcatgaogtt gagct 15 

<210> 42 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<400> 42 

tccatgtcgg tcctgatgct 20 

<210> 43 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Syothetic Sequence 
<400> 43 

tccatgccgg tcctgatgct 20 

<210> 44 
<2XX> 20 
<212> OHA 

<213> Artificial Sequence 


<220> 

<223> Synthetic Sequence 
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<400> 44 
tccatggcgg tcctgatgct 


20 


<210> 45 
<211> 20 
<212> TfNh 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 45 

tccatgacgg tcctgatgct 20 

<2X0> 46 
<211> 20 
<212> SNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 47 
<211> 20 
<212> mA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 47 

tccatgtcgc tcctgatgct 20 

<210> 48 
<211> 20 
<212> mtA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 48 

tccatgtogt tcctgatgct 20 

<210> 49 
<211> 20 
<212> CNA 

<2X3> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 46 
tccatgtcga tcctgatgct 


20 


<400> 49 
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tccataacgt tcctgatgct 


20 


<210> 50 
<211> 20 
<212> BNA. 


<213> Artificial Sequence 


<220> 

<223> Synthetic Sequence 


<400> 50 
tccatgacgt ccctgatgct 


20 


<210> 51 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 51 

tccatcacgt gcctgatgct 20 

<210> 52 
<211> 19 
<212> DRA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 53 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 53 

ggggtcagtc gtgacgggg 19 

<210> 54 
<211> 15 
<212> DNA 

<213> Artificial Sequence 

^ <220> 

<223> Synthetic Sequence 


<400> 52 
ggggtcaacg ttgacgggg 


19 


<400> 54 
gctagacgtt agtgt 


15 
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<210> 55 
<2a.l> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<221> modif iedj^ase 
<222> (7)..,(7T 
<223> xnSc 

<400> 55 

gctagacgtt agtgt 15 

<210> 56 
<211> 20 
<212> mck 

<213> tetiCicial Sequence 

<220> 

<223> Synthetic sequence 
<400> 56 

tccatgtcgt tcctgatgct 20 

<210> 57 
<211> 20 
<212> JXUi 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<221> ntodifiedjbase 
<222> (8) . . • (sT 
<223> mSc 

<400> 57 

tccatgtcgt tcctgatgct 20 

<210> 58 
<211> 24 

<2i2> mn 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 58 

accatggacg atctgtttcc cctc 24 

<210> 59 
<211> 18 
<212> DKA 

<213> Artificial Sequence 
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<220> 

<223> Synthetic Sequence 
<400> 59 

tctcccagcg tgcgccat 18 

<210> 60 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 60 

taccgcgtgc gaccctct 18 

<210> 61 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Synthetic Sequence 
<400> 61 

accatggac^ aactgtttcc cctc 24 

<210> 62 
<211> 24 
<212> SKA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 

<400> 62 

accatggacg agctgtttcc cctc 24 

<210> 63 
<211> 24 
<212> xmA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 63 

accatggacg acctgtttcc cctc 24 

<210> 64 
<211> 24 

<2i2> zm 

<213> Artificial Sequence 


<220> 
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<223> Synthetic sequence 


<400> $4 
accatggacg tactgtttcc cctc 


24 


<210> 65 
<211> 24 

<2i2> msn 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 65 

accatggacg gtctgtttcc cctc 24 

<210> 66 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 67 
<211> 15 
<212> SNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 67 

cacg^tgagg ggcat X5 

<210> 68 
<2ll> 15 
<212> DlilA 

<2X3> Artificial Sequence 

<220> 

<223> Synthetic Sequence 


<400> 66 
accatggacg ttctgtttcc cctc 


24 


<400> 68 
ctgctgagac tggag 


15 


<210> 69 
<211> 12 
<212> WA 


<213> Artificial Sequence 


<220> 

<223> Synthetic Sequence 
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<400> 69 

tcagcgtgcg cc ^ 

<210> 70 
<211> 17 

<212> Xfsai 

<213> Artificial Sequence 
<220> 

<223> synthetic Sequence 
<400> 70 

atgacgttcc tgacgtt 17 

<210> 71 
<211> 17 
<212> DKft 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<:210> 72 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 72 

tctcccagcg cgogccat 18 

<210> 73 
<211> 20 
<212> DNA 

<2l3> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 74 
<211> 20 
<212> WH 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 71 
tctcccagcg ggcgcat 


17 


<400> 73 
tccatgtcgt tcotgtcgtt 


20 


<400> 74 
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tccatagcgt tcetiagegtt 


20 


<210> 75 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 75 

tcgtcgctgt ctccgcttct t 21 

<210> 7S 
<211> 19 
<212> DBA 

<213> Artificial Sequence 

<220> 

<223> Synthetic Sequence 


<210> 77 
<;211> 1? 
<212> SNA 

<213> Artificial Seqiience 
<220> 

<223> Synthetic Sequence 
<400> 77 

tcctgtcgtt cctgtcgtt 19 

<210> 78 
<211> 20 
<212> ESIA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 79 
<211> 20 

<2i2> tm 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> IS 
tcctgacgtt cctgacgtt 


19 


<400> 78 

tccatgtcgt ttttgtcgtt 


20 


<400> 79 
tcctgtcgtt ccttgtcgtt 


20 
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<210> 80 
<211> 20 
<212> DNAl 

<213> Arti£iciaX Sequence 
<220> 

<223> Synthetic Sequence 
<400> 80 

tccttgfccgt tcctgtcgtt 20 

<210> 81 
<211> 20 
<212> DN^ 

<213> A3:tl£icial Seqaence 
<220> 

<223> Syntlietlc Sequence 


<210> 82 
<211> 21 
<212> mh 

<213> Arti£iclaa Sequence 

<220> 

<223> Synthetic Sequence 
<400> 82 

tcgtogetgt ctgcccttct t 21 

<210> 83 

<211> 21 
<212> DfiBl 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 84 
<211> 20 

<2i2> usn 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 81 
tcctgtcgtt ttttgtcgtt 


20 


<400> 83 
tcgtcgctgt tgtcgtttct t 


21 


<221> modified J>ase 
<222> (8)...(8T 
<223> inSc 
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<22X> oio^fiedbaBe 
<222> (17) . . . (17) 
<223> mSc 


<400> 84 
tccatgtcgt tcctgtogtt 


20 


<210> 85 
<211> 20 
<212> filDl 

<213> Artificial Sequence 

<220> 

<223> Synthetic Sequence 
<400> 85 

tccaggactt ctctcaggrtt 20. 

<210> B€ 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> B7 
<211> 20 
<212> fiNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 87 

tccatgcgtt gogttgcgtt 20 

<210> 88 
<211> 20 
<212> DMA 

<213> Artificial Sequexiee 
<220> 

<223> Synthetic Sequence 


<400> 86 
tccatgcgtg cgtgcgtttt 


20 


<400> 88 
tccacgacgt tttcgacgtt 


20 


<210> 89 
<211> 20 
<212> DNA 


<213> Artificial Sequence 
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<220> 

<223> Synthetic Sequence 
<400> 89 

tccrtcgttgt egttgtcgtt , 20 

<210> 90 
<211> 24 
<212> BIOl 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 90 

tcgtcgtttt gtcgttttgt cgtt 24 

<210> 91 
<21X> 22 
<212> PiaA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<210> 92 
<211> 21 
<212> SMA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 92 

gcgtgegttg tcgttgtcgt t 21 

<210> 93 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 91 
tcgtcgtcgt cgttttgtcg tt 


22 


<400> 93 
gcgqcqggcsf gcgcgcgccc 


20. 


<210> 94 
<211> 21 
<212> SNA 


<213> Artificial Sequence 


<220> 
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<223> Synthetic Sequence 


<400> 94 

tgtcgtttgt cgtttgtcgt t 21 

<210> 95 
<211> 25 

<2i2> xncn 

<213> Artificial Sequence 
<220> 

<223> Synthetic Seqamce 
<400> 95 

tgtcgttgtc gttgtcgttg tcgtt 25 

<210> 96 
<211> 19 
<212> DHA. 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 96 

tgtcgttgtc gttgtcgtt X9 

<2aO> 97. 
<21I> 14 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Synthetic Sequence 
<400> 97 

tcgtcgtcgt egtt 14 

<210> 98 

<211> 13 
<212> I>HA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<40D> 98 

tgtcgttgtc gtt 13 

<210> 99 
<211> 20 
<212> im 

<213> Artificial Sequence 


<220> 

<223> Synthetic Sequence 
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<400> B9 
rccatagogt tcctagcsgtt 

<210> 100 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 
<400> 100 

tccatgacgt tcctgacgtt 20 

<210> 101 
<211> 6 
<2X2> DHA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 101 

gtcgyt 


<210> 102 
<211> 7 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic Sequence 


<400> 102 

tgtcgyt 7 

<210> 103 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<233> Synthetic Sequence 
<400> 103 

tccatgagct tcctgagtct 20 

<210> 104 
<211> 18 
<212> DNA 

<213> Artificial Sequence 


<220> 

<223> Synthetic sequence 


<400> 104 
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tctcccagcg tgcgcoat 


18 


<210> 105 
<211> 20 
<212> mh 

<213> Artificial Secpience 
<220> 

<223> Synthetic Sequence 
<400> 105 

tccatgacgt tcctgacgtt 20 

<210> 106 
* <211> 20 
<212> SNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 106 

tccatgagct tcctgatgct 20 

<210> 107 
<211> IB 
<212> DUA, 

<213> Artificial Sequence 
<220> 

<223> synthetic 


<210> 108 
<211> 20 
<212> DKA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 
<400> 108 

gcttgatgac tcagccggaa 20 

<210> 109 
<211> 27 
<212> DENA 

<213> Artificial Seqpience 
<220> 

<223> Synthetic 


<400> 107 
agctatgacg ttccaagg 


IB 


<400> 109 
tcgtcgctgt ctccgcttct tcttgcc 


27 
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